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The pur, pose f this paper is to enhance the computer literacy of middle-level
milhtarv leaders by providing an elective for Air Command and Staff College (ACSC)
stuients Dramatic growth in the numbers of military computers, particularly
microcomputers, has led to tremendous capabilities being present at the fingertips
of nearly every military member. A perception has arisen, as the paper shows,
that the uses of microcomputers have not kept pace with their proliferation
Hence, the elective course proposed in this paper, Computer-Aided Decision Making,
serves ai a step toward greater computer awareness and literacy among middle-
level off!:ers Arming such officers with this knowledge should impact operational
units in the future since many of these officers will be the commanders and
pohcymakers of the military for years to come.

The course will teach the blending of decision making techniques with the use
c:. 'ntegrated software which the Air Force and ACSC already possess. The
emphasis will be on the role microcomputers can play in assisting a decision
Inaker The computer is not intended to replace common sense, intuition, or
experience, but to enhance these elements of decision making.

This material will be incorporated into the ACSC Electives Program AY 89, if
aepted
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Chapter One

INSTRUCTIONAL SYSTEMS DEVELOPMENT

That the world we live in has tightly embraced computer technology is as
obvious as the air we breathe Everywhere one looks, the omnipresence of the

I P computer can be seen The range of the computer's influerne runs from LCD
watches to the control of traffic signals to the electronic tentacles of the largest
multinational corporation

Perhaps even more dramatic has been the spectacular growth in the use of
microcomputers in recent computer history. Through 1905, more than 10 million

' desktop computers were sold by the top ten manufacturers. (4:119) In 1906, the
? top ten computer firms sold an additional three million. (5 200) Similarly, the Air
NP Force, long a leader in adoptng technology, has hardly lagged in the explosion of

microcomputer use For example, the Zenith Electronics Corporation sold the Air
Force more than $400 million worth of stand-alone microcomputers between 1982
and 198t, (27 2) The Air Force Small Computer Center at Gunter APS, Alabama,

1%predicts that 150.000 more microcomputers, with integrated software, will be
VP aided !,: the A:r Fcrce inventory over the five-year span, 1907-1991 (22:1) The

sane office recently announced that the Air Force is planning to award a contract
for the Desktop III computer, a follow-on system for the current Zenith Z-245
microcomputer (1 1)

;n .iaht of the proliferation of microcomputers throughout the Air Force, the
Air Command and Staff College Education Technology Division (ACSC/EDT) perceives
a protlem ACSC/EDT believes that mid-level and senior military leaders are not
exploiting the capabilities of powerful microcomputers which are literally at their
-wn and their subordinates' fingertips The main causes are that training,
softwa i. and ideas for use have lagged behind the recent massive influx of
desktop -omputers to nearly every office and workplace. Eventually Air Force

* personnel will be utilizing their microcomputers more eficientUy and for more and
mnre purposes In the meantime, ACSC/EDT perceives a need to help ACSC
.o dent!, all mid-leml leaders, improve their computer literacy and efficiency by
using the computer as an aid in decision making, i , not to make the decision,
but to assist !he user in making a decision The plan is to take the student beyond
,he le'el of 'he simpler uses they may be accustomed to and introduce them to

*rompiter-aided decision making via an ACSC elective

et1



as indicated above, that it is verv difficult to sift through the information, analyze
it, and arrive at a best solution Hence, the assistance of a computer, and the
knowledge to use one, is quite helpful

Secnnd, a study of ACSC students found that most of them are comfortable
with the word processing capabilities of a computer but do not take advantage of
the more powerful capabilities of modern desktop computers A survey of 394
ACSC students conducted by Major Thomas James, ACBC Class AY8T, discovered
several things First. 76 percent of the students owned personal computers, and 97
percent of them used the machines primarily for word processing. The use of
graphics and spreadsheets followed at 38 and 33 percent, respectively Second,
over 90 percent of the students reported that they managed or supervised
personnel who used microcomputers. Third, 05 percent of the officers actually
used desktop computers on the job as follows 89 percent of these officers
performed word processing, 48 percent of them did database management, 31
percent utilized graphics applications, 30 percent used spreadsheets, and 24 percent
employed an office-specific applhcation (27 14) James' findings are reflected in the
business world where " .word processing is the Number I applica'ion of personal
computers among Fortune 1000 firms with 91 percent of microcomputers being put
to such use - (2 73) Secondary uses are spreadsheets and data bases. (2:74)

What this means is that most ACSC students have only begun to scratch the
surface of the latent power of the computer because the computer can obviously be
used to do many other things besides word processing For example, another of
the remarkable features of a stand-alone computer is the potential for "what it"
questions Newman Walker, a successful school superintendent for 28 years,
spoke of a computer's power when he said, 'it is also useful to anticipate or
predict changes in the data Pondering 'what if' situations enabled me to answer
irantic.;pated questions " (8 470) Further, one can infer that the following
;,.tt from Personal Computina magazine would make sense to some of the above
ACSC .rtenws Although no one's decision will be based on a chart alone, a graph
:3n -. rt.iniv aid you in explaining complex relationships and provide an effective
nw~e :-riwhich to argue And today's personal computer programs provide a
d .r. 4er.':e way to create those charts - (b 97) Concluding, what this points
, : w, .'hile many ACSC students are computer literate, their comfort zone lies

?,.e A'-J prxessing genre rather than in the more powerful capabilities
1C6 n s p comi.;;ter5 .-ffer

A .. : ..s fr 'ii sr .ourse is the cut rent ACSC philosophy Three of the
: *'1s'ite1 3=,t are 't prn*,Ide an environment for personal and professional

aro-,vr.. eo ?enhanc.-i Knowledge and understanding of the Air Force's mission and
-. *and 'r enhance profes*ional skil!s required to command, manage and

.'vi o.,re fcr-o- (17 1) The teaching of computer skills meet'% all three
i ;ais -.eariv, improving an officers decision maKing skills enhances personal and
r te::r. r' .Wh This obv.:ously carries over into enhancement of command

IN~i.05 rice computers arp so widespread in the Air Force, and as James has
ar'-, -,' ACO'" offiers have managed peisonnel who use computers, any

• :rn"r-,P".It, ,o rr,-.put 'r r.row.,e:ge and understanding serves the Air Force well

i&;
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Finally, ACSC already conducts two computer elective courses. The course being
discussed here is a natural follow-on since it can build on the students' knowledge
foundation by taking further steps into the computer experience. (18:21A-B)

Fourth, other defense agencies conduct courses in DSS. Obviously they have
seen a need for this education and training for military officers and defense
officials National Defense University (NDU) offers four elective courses addressing
computer-assisted decision making (23:105-107) Also, the Defense Systems
Management College (DSMC) has developed ". management modules which can be
used as decision aids in the classroom at the College and can be deployed in
program management offices throughout the services." (16:17) Supporting these
needs is a survey conducted at NDU for 218 students at the National War College,
Industrial College of the Armed Forces, and International Fellows attending NDU.
It revealed that more than 74 percent of these senior officers and defense officials
feel that computer knowledge is important to managers. They (54 percent)
further indicate that computer training should be included in the core curriculum

. of NDU courses. (24 3) DSMC portrays the problem thusly:

Although management information systems can provide the program
manager with some of the information needed in the decision-making
process, such systems predominately supply only historical data and
current project status, usually with abundance--and many times an
overabundance- -of unprocessed information. A need exists, therefore, to
enhance the program manager's decision-making process by examining
future courses of action, assisting the "What if... ?" and "Should I...?"
questions, and distilling the available data into meaningful alternatives.
(25 1-2)

In a related statement, Major General Clifton D. Wright, Jr., former Director
of Engineering and Services, HQ USAF/LEE, opined, "It is likely that significant
organizational changes will result from the use of DSS as well as from building
them Individual managers and decision makers who are able to use DSS
effectvely are likely to show better job performance than those who cannot use
DSS." (29:54) Certainly these are graphic statements of the need for DSS.

Fifth, is there a need for Improved decision making? Logically, it follows that
each officer could probably benefit from improving his problem definition,
information gathering and handling, analysis, and speed of processing skills. As
the environment in which we operates gets more complicated, any improvement In
quality and speed of decisions Is useful and vital. Now, let's see where this leaves
us

*g After examning the current Air Force computer environment, the data deluge
phenomenon, the ACSC student body and other DOD students, we also looked at the
current ACSC educational philosophy and other DOD agencies who conduct similar
training There is no doubt that ACSC students can glean significant benefits from
an elective ourse in computer-aided decision making, or DSS, for use in their

4
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q
future assignments in mid- and high-level leadership positions. Therefore, the
ACSC/EDT perceived need for a DSS elective is justified.

Following is the Instructional Systems Development (ISD) discussion and
validation of the elective. Each of the five steps, as outlined in AFM 50-2,

.P Instructional Systems DeveloRment, and AFP 50-58, Handbook for Designers of
0%' Instructional Systems will be explained and supported. The five ISD steps are:

,%i5 I Analyze system requirements.
2 Define education and training requirements.
3 Develop objectives and tests.

: 4 Plan, develop, and validate instruction.
5 Conduct and evaluate instruction. (19:5-7) (21:Table I-I)

ANALYZE SYSTEM REQUIREMENTS (STEP 1)

The ISD process begins with analyzing the requirements of the educational or
training system (19-10) In other words, do we need the system, and if so, what

.Pid d:, the students need to know to meet the objectives? This first step and Step 2,

Deftne Education and Training Requirements, comprise the Needs Assessment.

Clearly a requirement for the course has been justified. Now let us
determine what the students need to know about a DSS in order to use it. First
some definitons Samuel Bodily offers two forms

' ill Think of the complete DSS as a high-level language that allows for
na.-.Aral English-hke expression of the [decision making] model; that is,
abi to access corporate and vendor data bases; that has easy-to-use
graphics for displaying the results, and that contains powerful
computational features such as "what it," sensitivity analysis, goal
sovk ,, extrapolation, risk analysis, and optimization [2] In its crudest
form. th DS may consist of a spreadsheet planning system such as
v.:a~t 'or one of its many cousins) (104)

Threfore. whal can be taught in an ACSC elective must lie between these two
,vrevme! tut :Iner "o the latter sincte only 16 hours of training spread over eight
_ww-. s ' aaa.be becauste of the time limit, we have chosen the following
,efinapicn A mKrocomputer based decision support system can be designed

_f, a * ,-nmr of sotware parkages which could aliow decision makers to
-e r~ a'. ~t'h 4lualoative and quantitative elements in their analyses (26.1)

., - ',
, " each ACSC stadnts. via an integrated software package and

r-od e. hw 0, aaiyze arJ1 interpret data to make a more objective and

0 ,~m , .,r
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Using these definitions and concepts, it can be seen that, in order to learn to
use a DSS, the essential skills required are the use of an integrated microcomputer
software package, a decision model, and the ability to connect them together. Now
to be more specific.

What they need to know:

1. Basic computer keyboard skills.
2 Use word processor.
3. Use spreadsheet.
4. Use data graphing.
5 Use data base.
6. Use integrated software package (SMART).
7. Basic math/algebra skills.
8. Basic logic skills.
9. Problem solving skills.
10. General knowledge of decision making theory, decision models, and

DSS concepts.
11. Working knowledge of the decision model selected for the course.
12. Ability to use selected decision model integrated with SMART software

to solve hypothetical problems and produce a printed integrated
report.

The description of an integrated software package such as SMART quickly
demonstrates the need for skills 1-6 above. The SMART system is primarily an
integrated spreadsheet with graphing, word processing, and data base capabilities.
(15:Preface-i) Also, recall that an integrated package is a major component of
Bodily's simpler form of a DSS. Skills 7-9 fall into the category of the ability of a
student to think through and solve a problem conceptually and reflect the

". "... knowledge, skill, ability, intuition, judgement, and experiential bases of the
decision makers involved." (26: 1) Skills 10 and 11 fit the DSS definition above and
provide the essential bridge between the data and the solution, i.e., the decision
model. Finally, Skill 12 is the ultimate goal of the course, being able to solve a
problem and communicate its outcome through the use of an integrated software
package and knowledge of decision models and theories. After delineating the skills
the students need to have at the end of the learning experience, we can now move

*on to the second part of the Needs Assessment.

However, before continuing with the ISD process, a short discussion on the
software selection for this course follows, The SMART system is an integrated
software product containing today's most-needed business applications. This
package fulfills our need for an integrated and cost effective system. Specifically,
SMART offers an attractive bundle of modules that are easy to learn. Also,
sufficient copies are currently in the ACSC inventory, and SMART is already taught
in another ACSC elective. (18 21B)

The SMART system consists of three primary application modules
(spreadsheet, word processor, and data base manager), two additional modules
(communications and time management), and the functions necessary to combine

$6
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these parts into an integrated whole. In addition, SMART provides user-friendly
menus that are common throughout the system. Once the common features have
been learned in one module, they can be used in all other modules. Furthermore,
this system provides the ability for operators to learn and do a variety of
functions easily, so they can quickly increase their productivity. (14:1-16)
(15:Preface 1-2)

Besides being easy to learn, the existence of sufficient copies of SMART in the
ACSC software library makes the purchase of another system unnecessary. With
the average cost at $400 per copy for a new program, a significant savings is
realized by using the existing SMART packages.

Finally, the existing ACSC elective, "Introduction to SMART," provides excellent
preliminary training for this course. If students attend the first elective, they
will have no trouble transitioning to this course However, since the SMART
modules are easy to master, as discussed above, the "Introduction to SMART"
elective is not a hard and fast prerequisite.

Hence, the SMART system is a sophisticated integrated software program that
is easy to learn and use, already in the ACSC inventory, and previous instruction

F already exists in the elective curriculum. Therefore, SMART is the chosen system
to support the Computer-Aided Decision Making elective We now continue with
the ISD process

DEFINE EDUCATION AND TRAINING REQUIREMENTS (STEP 2)

hTir sec-on .tep of the ISD process consists of the following parts-

' What do the students already know?
2 What do they need to be taught? This is the difference between the

iearning needs of Step I and what they already know.
- What can and should be taught given the existing constraints? (time,

*k% equipment, ccsts, resources, etc.). (19:Ch 3)

Z.2nce the 16-hour time limit i , a major constraint, it becomes a driving for'e
Sn course developrnent !t quickly becomes obvious that DSS experts cannot emerge

Sro t! *.c..ur"e This lim'tation also restricts what the entry level knowledge of
the ,ents must be (1 e what they know) in order for any meaningful DSS
.earni;n, r, ptle :ce Sinoe the James survey indicates a high level of computer
literac,: exts in the AC$S population and two computer electives are offered
-urrcrir;.-. there are proLary enough students who wili meet prerequisite
:;c , -  . .. uca nt -,.ho have completed thi "Introduc.on tc MART
.~-'" .'- .f ,:,,.r-., egle Those who are comfortable with another
.ntp . a,, 4-:,,'ware pac.kage are eiig:hle if the instructor deter-mines, via
:.'t.:, Q..,' the stu.jen'. knowledge ,is adequate to transition easflv !o SMART

!,v
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What do the students already know?

By limiting the enrollment to students conversant in an integrated software
package, the students will already have the first six requirements of basic
computer keyboard skills and competence in the use of word processing,
spreadsheet, data graphing, data base, and SMART or another integrated software
package. However, some review of SMART will be necessary for those who took
the SMART elective several weeks before and for those who have used another
software package. But what else do the students already know?

Certainly ACSC students, all of whom have college degrees and more than 75
percent of them have graduate degrees, are well educated. (29:--) It also is
reasonable to assume that this level of education has given them at least basic
skills in math/algebra, logic, and problem solving. Additionally, their I1 to 14
years of commissioned service have honed these skills.

The next two skills, 10 and 11, are quite complicated and are not expected to
be In the comfort zone of most students. In any case, general knowledge of
decision making theory, decision models, DSS concepts, and a working knowledge
of the decision model used in the course must be taught to establish common
definitions, concepts, and solution sequences. Current decision making textbooks
spend considerable time on decision theory and models and their relation to
decision support systems. (10:--) (13:--)

Lastly, the twelfth skill, the ability to solve hypothetical problems by using a
decision model, integrated with SMART, and to produce printed integrated reports

. involves active student participation in the learning experience. Successful
application of this skill is the overall purpose of this course. So it must be taught.

What they need to be taught:

Summarizing the above analysis, the asterisked items need to be taught:

1. Basic computer keyboard skills.
2. Use word processor.
3. Use spreadsheet.

D4. Use data graphing.
5. Use data base.

* 6. Use integrated software package (SMART).
7. Basic math/algebra skills.
8. Basic logic skills.
9. Problem solving skills.

* 10. General knowledge of decision making theory, decision models, and
DSS concepts.

* 11. Working knowledge of the decision model selected for the course.
* 12. Ability to use selected decision model Integrated with SMART software

to solve hypothetical problems and produce a printed integrated
*, report.

NE '
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Before training requirements are fully established, they are normally
prioritized to determine what really can be taught within the existing constraints
Since these four skills can be taught within the constraints, prioritization is not a
problem in this case Integrated use of the SMART package is obviously critical to
the conduct of this course and this drives the need for these skills as explained
above The point on general knowledge of decision making theory, decision models,
and DSS concepts is less critical and could be limited in scope. The remaining
points are critical and should consume the bulk of the educational experience.
Successful completion of the final point, in effect, serves as a measure of each
student's success in achieving the course objectives.

We now have established what needs to be taught based on the difference
between what the students need to know and what they already know.
Additionally, the establishment of criticality puts the proper focus on what can be
taught within the given constraints.

This concludes the Needs Assessment (ISD Steps 1 and 2) With the need for
the course justified, and the systems requirements and education and training
requirements delineated, we can proceed to the third step of the ISD process,
Develop Objectives and Tests

.DEVELOP OBJECTIVES AND TESTS (STEP 3)

Now that the Needs Assessment is complete and definite educational goals have
been determined, we can proceed to the iteration of specific level of learning
objectives and tests The objectives, samples of behavior, and criterion objectives
fully explain what is expected of the student. The method of testing will be

I'. covered below

Objcti

Each of the four items which need to be taught are developed below This
also will be the sequence of instruction AFM 50-62 provides the general guidance

1 Demonstrate aeneral knowledge of decision making theory. decision models.
and DSS concepts.

Levrei of Learning Oblective Know decision making theory, decision
models, and DSS concepts

Sample of Behavior Identify decision theories by characteristics
Criterion Objecti-,e With instructor provided list, match

decision theories with their characteristics

with minimum instructor assistance

ZSample of Behavior Identitv key element_ of decision mod,?.

w0
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Criterion Objective: With Instructor provided list, match
decision models with their key elements
with minimum instructor assistance.

Sample of Behavior: Identify key concepts of DSS.

Criterion Objective: With instructor provided list, match DSS
with their key concepts with minimum
Instructor assistance.

2. Demonstrate a working knowledge of the weighted criteria decision mndel
used in course

Level of Learning Objective: Apply the weighted criteria decision model
to solve a given problem.

Sample of Behavior: Solve a new problem scenario using the
weighted criteria decision model.

Criterion Objective: With given data and minimum instructor
assistance, solve a previously unen-
countered problem using the weighted
criteria decision model.

3. Use Integrated software package (SMART).

Level of Learning Objective: Apply the principles and concepts of SMART
to a given scenario

Sample of Behavior: Enter text, create spreadsheets, create
graphs from spreadsheet and develop an
integrated document.

Criterion Objective: Given instructor provided data and
minimum instructor assistance, create an
integrated document after entering text via
the word processor, creating a spreadsheet,
and creating graphs from spreadsheet.

4 Use of weighted criteria decision model inteUrated with SMART to solve

Level of Learning Objective: Solve previously unencountered problems
using the weighted criteria decision model
and the SMART package as a Decision
Support System

10



Sample of Behavior: Recognize problem elements and apply
solution sequence using weighted criteria
decision model and SMART. Enter text,
create spreadsheet, create graphs from

% spreadsheet, and create sections of
integrated document. Assemble and print
an integrated document from previously
created sections.

Criterion Objective: Given a new problem, produce a printed
integrated report of the solution using the
weighted criteria decision model and the
SMART package as a Decision Support
System with minimum instructor
assistance.

%W Tests.

The test for completion will be the last objective. If the students can produce
a printed integrated report of a correct solution to a previously unencountered
situation, they certainly have satisfied the intent of this course and achieved its
objective

PLAN. DEVELOP. AND VALIDATE INSTRUCTION (STEP 4

As one can see from Step 3, we have decided where the students should be at
the end of this course. Now, what might be the best way to achieve the desired
results, that is, the fourth level of learning objective: Solve previously
unencountered problems using the weighted criteria decision model and the SMART
package as a Decision Support System?

Planning and Develoning:

Concerns now center around instruction determinants such as lesson
sequence, type of instruction, media selection, desired levels of learning, lesson
organization, and constraints.

First, the sequence of instruction Is, of course, an Important aspect of
learning because it provides smooth training without gaps or duplication. It also
foments continued student interest and the desired learning in each lesson,
especially when these skills are needed later in the course and afterward. (19:34)
To illustrate, the students should be taught to walk, then to jog, and finally, to
run Each step builds on its predecessor. Since the students already know how to
crawl, figuratively speaking, no instruction will be devoted to that activity. Hence
we have an appropriate and smooth sequence with little or no duplication,
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Secondly, the type of instruction was selected using the guidance in AFM 50-62,
Handbook for Air Force Instructors, and is tied to the desired level of learning
For example, Objective One: Know decision making theory, decision models, and
DSS concepts; is at the knowledge level so a lecture is appropriate. This insures
that a large amount of information can be presented during a short training
session. This is further reinforced by assigned reading/handouts. (20:Table 18-1)

Third, media needs to be appropriately matched to the type of instruction.
Again using Objective One as an illustration, overhead slides and handouts are
suitable and recommended medium for this lesson's lecture format. (19:Table 5-3)

Fourth, correctly chosen lesson organization patterns facilitate instruction by
making it easier for students to learn. "The lesson material will often organize
Itself with one pattern and strategy than with another." (20:6-3) Common
relationships used in lesson plans are time, space, cause-effect, problem-solution,
pro-con, topical, and combined patterns. (20:Ch 6). For example, the first
objective, in its discussion of decision theory, will be largely topical, supported by
sufficient definitions and examples.

Fifth, two major constraints, time and computer availability, affect the
learning outcomes of this course. Since the ACSC elective format allots a mere 16
hours to the course, only so much material can be covered or absorbed.
Therefore, the developed lesson plans must reflect this important factor. Further,
the ACSC computer environment restricts the class size due to the availability of
only six computers in the ACSC laboratory. If we limit the class to one student
per machine, learning will be optimized since each student will have his own
keyboard. On the other hand, if a higher student-to-computer ratio is allowed,
less learning might occur for each student, but more of them can be accommodated
and this will provide a larger base from which to validate the course. We
recommend accepting up to two students per computer, or up to 12 per course. If
the Air War College computer laboratory is used in the future, additional students
can be taught. Relatedly, while computers are present in each seminar room,
they are not currently linked together, and student separation would make
instructor control impossible. However, computer time logged out of class could be
done in the seminar rooms (i.e. working on student projects or practice with the
SMART software).

Following is the general sequence of instruction which conforms to the order
of the developed objectives. Also included are the types of instruction and media
selections to achieve the objectives.

1. Demonstrate general knowledge of decision making theory. decision models.
and DSS concepts.

Level of Learning Objective: Know decision making theory, decision
models, and DSS concepts.

Type of instruction: Lecture, student-instructor interaction.

12
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Media selection: Overhead slides, handouts, reading.

2. Demonstrate a working knowledge of the weighted criteria decision model
used in course.

Level of Learning Objective: Apply the weighted criteria decision model
to solve a given problem.

Type of instruction: Lecture, student-instructor interaction,
demo-performance, student practice with
problem

Media selection: Overhead slides, handouts, reading.

3. Use Integrated software Rackage (SMART).

Level of Learning Objective: Apply the principles and concepts of SMART
to a given scenario.

Type of instruction: Lecture, student-instructor interaction,
demo-performance, student practice with
computer.

Media selection: Overhead slides with computer screen
interface, computers, handouts, reading.

4 Use of weighted criteria decision model integrated with SMART to solve
problems.

Level of Learning Objective: Solve previously unencountered problems
using the weighted criteria decision model
and the SMART package as a Decision
Support System.

Type of instruction: Lecture (review), student-instructor inter-
action, self-paced student performance, i e.,
produce report.

Media selection Overhead slides (review), computers.

Valdating

Having planned and developed the lessons, It is now time to try out the course
and examine its effectiveness in the learning environment.

While the preferred method of validation would be with control groups using
pre- and post-instruction test procedures, we suggest the following methods;

13



T.eAch th- electivi- during MI~ix Three 01 AC0X ClaS5 AY 8'?' (Orjriwl%
2 C~nrct the elective usinig new ACSC aui n-!r ctorf as z;*Aent:

durin; _*une-Ju-V, 1088.

Fist. rc.i :tiig the cleit to th%? cut-! ?n! A'S3C- ls P cvi .~.iisi 50011oz
a! PC"FibeC A1:_ , required ad* iustrnnts can easily be acccmp!'shed be'~nMay
l' :8. we the elective en~ds, and October 1988. 'w'er it would be rwed.?i r')r AU.','
Clas s A'~ Further, the ACSC el-ccve format r-i ~deritt a wide szek4:tion of
: la aes Pr-esumably, they will cihoose a course in whIch they ha-e cns.,raf
into rest a:i ar.-e probably '.'I~nj t:i put aip with the minor irrttants sccae
.w:th the :rtitme a Course :s tau.,,ht Add:1:o.illv, this gr-up o:

d~uents ar.? reatl ACSC students, the intended targets of this cc'urse

*-czr.l, ccnluct. the class tarxg new ACSC Facuity fnstructors as xstudenrt
during June-Ju,1v 1988. These "students, would closely approx.-mate ACICsudents
5inc:e they wau:d have iust completed ACSC themselves. i s important #1o -cniu: t
the course in the -same manner it will be done in the norm~al Plectr.'e vertie, that
is, teach !6 hours in two-hour segments for eight weeks This va~idation group
would prsv,.- de another opportunity to adjust the instruction prior to the next
academic year

If .,alidation results are satisfactory, adjustments should be made and
included as an elective course for ACSC Class AY89. This will be further discussed
in Step 5 of the lISD process, Conduct and Evaluate Instruction

'Cv CONDUCT AND EVALUATE INSTRUCTION (STEP 5)

As mentioned, the first choice for validation will take place during Mix Three,
ACSC Class AY88, by conducting the course. Simultaneously, the course will be
evaluated. Based on instructor and student inputs, end-of-course critiques, and
Class AY88 critiques, conclusions can be drawn to show where the course should
be improved or changed ACSC/EDT has offered this criterion as a proper
conclusion for the instruction: A "Good" rating on the end-of-elective critique

V from 75 percent of the elective participants. We suggest, however, that the best
* benchmark for determining the adequacy of instruction will be the student final

reports generated as proof of meeting the fourth level of learning objective. Solve
previously unencountered problems using the weighted criteria decision model and
the SMART package as a Decision Support System. The relative quality and
completeness of these reports will show how close to desired learning targets the
trajectory of instruction has landed Finally, since the ISD model depicts feedback
between all steps, this allows an opportunity to make course changes before the
course is taught a second time. (20:Table 1-1)

If the elective is adopted, before any instruction starts, the next class should
be given an end-of-course problem on the first day of class, or prior to class.
While the students would not be expected to solve the problem completely, any
5egment of the problem which can be solved without benefit of instruction would
indicatep th.~t some of the coursp might be superfluous and might be in need of

14
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revising It would further show what the students' entering knowledge level is,
thereby confirming or modifying the original ISD Needs Assessment. Similarly, a
post-test would serve to prove that learning did, in fact, take place. The student
project called for at the course's end is a suitable post-test. Additionally,
inadequate solution of the project would point to deficiencies in the instruction and
would call for revisions in the course

The ISD process is now complete except for the feedback which will continue.
We have shown that a course in computer-aided decision making incorporating a
decision support system (DSS) is justified for inclusion in the ACSC electives
curriculum Also, the entire five step ISD model was exercised. A complete Needs
Assessment determined the starting point for the instruction by finding what needs
to be taught. Next, objectives and a suitable test of learning were evolved. Then,
the lesson planning and development and a suitable validation were included.
Finally, the phase of conducting and evaluating the course was outlined. The
complete lesson plans, overhead slides and graphics, and student handouts can be
found in Appendices A, B, and C, respectively.
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Chapter Two

LESSONS LEARNED

During the development of this elective course. several things were noted
which deserve mentioning First. ACSC students who tackle a curriculum
development proiect would be well served to take the ISD elective in Mix One
This proved to be very useflu to us in learning and using the ISD prozess 3econd,
ion't overlo>.k ether DOD training agencies, both inside and outside Air 1T1iverstv,
as sources for similar training materials This is appplicable tot . rew" Course
iie ours or an update of an existing course Third, it computers are part of a
proect, n-i stone should be left unturned in finding the experts Manv times they
are nnt a:sz. tied only to offices which use or manage compu.ers extensively We
:ou.d that eon.iderable computer expertise shows up in unexpected places and
persons, sc it pav's to ask around The ACSC staff and student bod,, tha.e narwv
:omputer guruz. who aren't carrving a computer AFSC
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LESSON PLAN # 1 (2 HOURS)

PINTRODUCTION

-ATTENTION

Introduce yourself, let class introduce themselves, discuss
computer experience. (10 minutes)

MOTIVATION
As desired.

COURSE OVERVIEW (5 minutes) Slide 1-1

COURSE OBJECTIVE
To improve decision making through a better comprehension of

.decision theory and decision models using a microcomputer.

Eight lessons (16 hours) Slide 1-2

.Lesson I
Introduction
Decision Theory

Rb Lesson 2

Review
Decision Modeling
Decision Support Systems
Weighted Criteria Decision Model

jJ Lesson 3
Review
Introduction to SMART

Lesson 4
Spreadsheet
Graphing

Lesson 5
p Review

Problem A

Lesson 6
Problem A
Introduce Problem B

Lesson 7
R Problem B

S'p
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..esson 8
Problem B Report
Review
Summary

'I• OBJECTIVE: Demonstrate a general knowledge of decision making
theory Slide 1-3

DEVELOPMENT

I. Decision Theory Handout 1-Is

A. Introduction

1. How are decisions made? (3:i)u*
a. guessing
b. take poll
C. voting
d. following a hunch
e. experience
f. systematic approach

2. Decision Loop (3:1) Slide 1-4
a. become aware of problem
b. define problem
c. analyze alternatives &

consequences
d. select solution
e. implement solution
f. provide feedback

3. Importance of decision (3:1-3) Slide 1-5
a. determines method
b. size/length of commitment

t1) considerable capital/ffort=
major decision

0, 2) long-term impact = major decision
c. flexibility of plans - action that

cannot be easily reversed may be
of major significance

d. certainty of goals & plans
1) following long-standing policies on

how to handle certain situations
makes decision easy

2) no policies/history (precedent),
decision may assume major importance

.22



e. quantitiability of variables
1) well defined, accurate

quantifiable data a minor
Importance

2) it building a complex item or if
program costs are based on broad
estimates * greater importance

f. human impact - human impact great (many
people) a decision important

4. Time-cost relationship (3:3-6) Slide 1-6
a. Cost-benefit time curve

1) benefit from more into
Increases, then levels off

2) costs of waiting continues
to increase

3) curve varies for each situation
b. Cost-uncertainty time curve Slide 1-7

1) want to reduce uncertainty
2) do not exceed crossover point
3) uncertainty never reaches zero
4) decisions with major ramifications

requires collecting adequate data to
select the best course of action

c. Optimum decision point curve - Slide 1-8
delaying decision beyond optimum
point results in increasing total
cost (opportunity) costs, *, *tc.

Interim Summary: We have started an introduction to decision
theory. After the break, we will continue this topic.

15 Minute Break

5. Decision ingredients - decision making Slide 1-9
Is based on the following basic
ingredients (3:7-8)
a. facts

I) pro & con to determine boundaries
2) if facts cannot be obtained,

decision must be based on
whatever data is available

b. knowledge

1) if decision maker has knowledge,
then it can be used to select
a favorable course

2) if not, seek advice from experts

* 23
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c. experience - use experiences in solving
previous similar problems to help solve
problem at hand

d. analysis
1) mathematical analysis may

supplement decision making
2) if model does not exist,

intuition may be necessary
e. judgement

1) ties it all together
2) needed to combine the above

ingredients to select the best
course

**4t3. Decision problems - Problem areas Slide Opt.

encountered when making decisions
(3:9-11)
a. misdirection - wrong question,

right answer
b. sampling

1) sample size
2) sample must represent facts

c. bias
1) may be in decision maker

'.1 2) also may be in data source (expert)
d. ubiquitous average - averages may bury

important extremes
e. sejectivIty

1) reject unfavorable results
2) choosing methods that will yield

only favorable results
f. interpretation

1) inappropriate interpretation of facts
2) lack of expertise or understanding

g. Jumped-at conclusion - already favor a
solution and initial data supports
"gut feeling"

h. meaningless difference - applying
significance to insignificant
differences in data

1. connotation - inappropriate conclusions
caused due to emotional content or

implication
J. status - communication break down due

to rank or position

* 24
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5. Non-mathmatical decision making techniques - fact finding

1. Can be Individual or group
a. In either case, consider

systematic approach

1) consider time - Optimum
decision point

2) follow decision loop

3) consider importance
4) use available Information

(decision ingredients)
b. examples of Slide 1-10

groups: (3:53-56)
1) Brainstorming
2) Nominal Group Technique - ACSC
3) Synectics - Similar to

Brainstorming except formalized
methodologies are used to develop
and select solutions

4) Consensus thinking
a) knowledge is spread among

several experts
b) formalized process to develop

consensus
5) Delphi technique

a) technique using experts to
predict future

b) experts forecast In Isolation,
then consensus is found

C. Group decision making (3t30-34) Slide i-i

1. Advantages
a. broader background

1) biggest advantage
2) broad base of experience

and opinions
b. spread of authority

1) used when management does
not want to delegate too
much authority to an individual

2) balance-of-power
c. special Interest group - support

decision if Involved in decision

making process
d. coordination of action - bringing

specialists together frequently

improves coordination of planning/
U execution

. .S
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e. information exchange
1) all parties simultaneously learn

the importance of the decision
and why it was made

V. 2) do not have to spend time explaining
decision to everyone

f. span of authority - decision may require
combined actions from numerous work
sections

g. motivation - participative decision making
h. avoidance of action - sometimes groups

can be used to avoid action

2. Disadvantages
a. cost

1) primary disadvantage
2) labor hours, travel, lodging, etc.

b. compromise decisions - compromise
decisions can be less than optimal

c. failure - members may find it impossible
Sto agree

d. guided decisions - if progress is not
made, leader may guide process which
causes:
1) members to withdraw and leader

makes decision - Individual decision
2) group splits, making compromise

impossible
e. committee responsibility - no one

responsible for decision; therefore,
no one responsible for carrying it out

f. strong minority - if unanimous decision
Is desired, minority may force compromise
to a less than optimum position

g. management replacement - could replace
"centralized control"

h. research - committee should not be used
Nb to do research - wastes time

i. trivial decisions - groups should not
waste time discussing trivial matters
or making trivial decisions

J. authority - committee members should
have the authority to make appropriate
decisions
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SUMMARY/REVIEW Slide 1-12

As required - Next time, we will talk about mathematical decision
making, Decision Support Systems and the Weighted Criteria Deci-
sion Model. (Pass out Handouts for Lesson 2)

* Handout 1-1 should be passed out approximately one week prior
to the first class.

** Footnotes refer to the supplemental bibliography at Appendix D.
Material cited was generally extracted from the sources indicated.
Citations are designed both to give credit to the author(s) and to
provide a reference for the instructor.

N.** Time permitting/optional
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LESSON PLAN *2 (2 Hours)

INTRODUCTION

ATTENTION

As desired

MOTIVATION
As desired

REVIEW Slide 2-1
As required

OVERVIEW
Discuss decision modeling, Decision Support Systems, and

the Weighted Criteria Decision Model

OBJECTIVE: Demonstrate a general knowledge of decision models
(30 minutes) Slide 2-2

DEVELOPMENT

1. Decision models Handout 2-1

A. Mathematical decision making (MDM)

1. 1DM involves expressing an action
or activity in quantifiable terms

2. Generally requires developing
a mathematical model

3. Why model? (2:5-6) Slide 2-3
a. necessity

1) data deluge
2) model is not goal; instead,

decision is goal
b. better decisions

1) consider more of the relevant
facts

2) consider longer periods
3) sensitivity analysis - improves

understanding of factors,
particularly uncertain factors

c. insight - better understanding of how
factors relate to each other

d. aid to presentations
e. intuition - modeling complex problems

can provide insight into the issues

28
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4. A modeling discipline (2:6-7)
a. reliable - reliable modeling requires

disciplined development of the model
b. accurate - must accurately reflect

assumptions and reality
c. simplicity

1) improves reliability
2) decreases investment
3) should be flexible/extendible

(account for changes)

5. For almost everything that occurs or
will occur, a model can be developed to
simulate action or predict outcome. The

key is to select the model that is most

appropriate for your situation.

B. MDM examples

1. Probability
a. examples of coin & dice
b. example: Slide 2-4

1) PXC=V
2) P - Probability
3) C - Cost
4) V - Value
5) if P X C > V, then this is a

good decision

6) probability must be accurate
- sometimes subjective
- bias

2. Decision tree (3:118-119)

a. uncertainty is normally part of every
decision - decision trees help you
visualize how uncertainty affects a

particular alternative
b. basic example Slide 2-5
c. steps - example of return on

an Investment of *10,000 Slide 2-6
1) lay out diagram

2) assign payoff
3) assign probabilities

4) select best strategy
d. again, graphic display of issue helps

visualize situation

3. Weighted Criteria Decision Model
a. falls into this (1DM) category
b. just mention for now; we get into

more detail later today
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4. There are numerous other examples of types
of MDM ranging from simple to complex. You
must match the technique to the need.

OBJECTIVE: Demonstrate a general knowledge of Decision Support

Systems (DSS) (15 minutes) Slide 2-7

I. Introduction (1:58) Handout 2-2

A. DSSs do not make decisions; instead, help you
make decisions (hopefully better)

B. DSSs allow you weigh alternative more dispassionately

C. Pros Slide 2-8
1. Preprogrammed
2. Fairly simple
3. Advantages of modeling

, 4. Uses computer, compatible with integrative
software

D. Cons
1 . Time consuming

' 2. Can be used to legitimize bad decisions -

bias

II. General types (1:60-61,122-124)

A. Computer-aided

1. Weighted criteria models

2. Examples
a. Decision Aid
b. Decision Analyst
c. Lightyear
d. Expert Choice
e. Trigger0

B. Decision-modeling

1. Help make strategic, direction-setting
decisions

2. Examples
a. Encore
b. MAC-PAC/PC
c. IFPS/Personal

A d. The Confidence Factor
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Interim Summary: Today we have discussed decision modeling and
Decision Support Systems. After the break, we will talk about the
Weighted Criteria Decision Model.

15 Minute Break

OBJECTIVE: Demonstrate a general knowledge of the Weighted
Criteria Decision Model (45 minutes) Slide 2-9

1. General Information

A. The Weighted Criteria Decision Model (WCDM) is
a type of mathematical decision
making

B. It Is a systematic approach to
decision making and is very similar
to the Decision Loop (re. lesson 01)

C. It is particularly suited for decision
modeling

11 1. Fairly simple

2. Demonstrates an excellent example
of using integrated software
a. word proccessing helps in writing

the report
b. spreadsheet facilitates calculations
c. graphing improves presentation of

information
. d. data bases can be effectively used for

loading information, if available

11. Discussion

A. WCDM works particularly well if you are
purchasing an item (acquisition)

1. Example - purchasing a car
a. you first determine you need

a car
b. you then develop criteria

1) new versus used
2) cost range
3) options
4) gas mileage
5) eto.

31
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c. now, you determine which cars
you can buy (alternatives)

d. you weigh how each car meets
your criteria

e. then, you pick the best option

2. You may not be as systematic as this,
but you very likely go through a mental
exercise similar to above example

* B. The WCDM basically Involves the above Slide 2-10
process, the steps are (brief overview): Handout 2-3

*(5:22-24)

1. Problem definition

2. Statement of purpose

N. 3. Criteria definition

4. Criteria assessment

5. Alternatives

*,* 6. Weighting

7. Scoring

8. Analysis

,9. Conclusions

C. WCDM is an expanded version of the car
example; however, with WCDM

i. You quantify your criteria

2. You can use a computer - integrated
software

3. You can use sensitivity analysis

to see what if?

4. Allows a more dispassionate decision

,. D. Now, an explanation of the steps (5:22-24) Slide 2-10

1. Problem definition

a. normally in an acquisition, this
step is fairly simple
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LESSON PLAN 0 3(2 HOURS)

INTRODUCTION

ATTENTION
An required

"OTIVATION
As required

REVI3EW
As required

OVERVIEW
Discuss business software packages and integrated packages.

(i.e., Enable, Smart, Framework, etc.)

OBJECTIVE: Demonstrate the ability to load and boot up with
Smart, enter text, handle files and Integrate the word processor
with other modules.

DEVELOPMENT

1. Overview of Smart: (4S minutes)

A. Smart System Modules:

1. Word Processor:
a. fully capable module

*b. common features
c. windows
d. can include graphs from

the spreadsheet module

2. Spreadsheets
a. features you are accustomed to

'Sb. windows
C. formulas In the worksheet

*d. business Graphics
1) bar graphs
2) line graphs
3) high-low graphs
4) pie charts

3. Other Nodules:
a. data base
b. tie manager

* C. communications
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B. Common features

1. Confidence levels
a. set from parameter menu
b. help speed up work
c. can use level you need

2. Quick keys
a. function keys (FI-FIO)
b. control key (Ctrl)
c. alternate key (Alt)
d. Example

1) F1 Help
2) Alt S = Save a file to disk

C. Starting Smart

1. DOS review

a. C: prompt
b. Change Directory (CD\smart)

2. Begin Smart
a. C: smart
b. goto module directly

1) smart w = word processor
2) smart s z spreadsheet

Interim Summary: The Smart system is a business software package
that contains six application modules. These modules are fully
capable and have many of the same common features. Once you learn
these features, they are usable throughout Smart. Also, getting
started with Smart is simple. The word processor will be the
first module we will discuss.

15 Minute Break

II. Using Smart's Word Processor (45 minutes)

A. Introduction to the Word Processor
(4:323-394)

1. Enter text
a. two modes

1) command
2) text modeB.9

2. Handling files
a. ESC to toggle modes

b. backslash (/) to move in menu
C. Alt L to load file
d. Alt S to save file
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3. Handling and moving Text
a. cut and paste
b. Alt M to move blocks
c. Alt I to insert
d. Alt D to delete
e. Alt V and Alt H for windows
f. formatting is done from command menu's

4. Search and replace text
a. F3 to find and replace text
b. FS to find and replace string
c. F4 is GOTO command

5. Printing text
a. Alt P will give you print menu

B. Integrating Word Processor to other Smart Modules

(4:395-404)

1. Reading files into text
a. Command Menu 4 - Read

2. Writing text into a file
a. Command Menu 4 - Write

3. Sending text to other Modules
a. Command Menu 5 - Send
b. to change to ASCII

1) Command Menu 4 - Change Type

Students work on word processor commands, enter text and handle
files in the time remaining. Instructor provides assistance as
required.

SUMMARY/REVIEW

The primary reason to use a word processor is the ability to cut
and paste a document. By having the ability to integrate data,
the word processor can produce a high-quality product. In the
next session we will continue by discussion about the Smart
spreadsheet and it's graphics command.
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LESSON PLAN 0 4 (2 HOURS)

INTRODUCTION

ATTENTION
As required

MOTIVATION
As required

REVIEW
Review Smart start up procedures.

OVERVIEW
Discuss how everyone has had a chance to work with paper

spreadsheets and some may have had experience with electronic
spreadsheets (i.e. Lotus 1-2-3 and SuperCalc 3)

OBJECTIVE: Demonstrate the ability to load the Smart spreadsheet
module, enter data, handle files and integrate the spreadsheet
with other modules.

'4

OBJECTIVE: Demonstrate the ability to define a graph, generate a
graph, view a graph, print a graph, edit a graph, and send a graph
to the word processor.

DEVELOPMENT

1. Using Smart's Spreadsheet (45 minutes)

A. Introduction to the Spreadsheet (4t197-292)

1. Rows and Columns
a. each cell has address
b. example - rSc5

2. Spreadsheet size
a. 999 rows and 9999 columns
b. ignores blank cells to save memory

3. Entering data
a. two modes - like word processor
b. F4 - GOTO
c. enter data at cursor
d. s to enter formulas

4. Handling files
a. Alt L - Load
b. Alt S - Save
c. Alt U - Unload
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S. Handling and saying data

b. Alt N - Move
c. Alt I - Insert
d. Alt D - Delete

6. Printing worksheet data
a. Alt P - Print

B. Integrating the spreadsheet with other modules
(4:20S-299)

1. Reading external files Into worksheet
a. Command menu 4 - Read
b. data will Insert at cursor

*2. Writing worksheet data to different files
a. Command menu 4 - Write

a'3. Sending data to the word prooessor
a. Command menu S - Send
b. three options

1) Document
2) Graphic
3) Both

Students work on spreadsheet commands, enter data and handle files
in the time remaining. Instructor provides assistance as re-
qui red.

Inter im Summary: We have discussed and practiced the Smart
spreadsheet module. After the break we will cover the graphics
command of the spreadsheet. The data for graphics comes from the
spreadsheet.

15 minute Break

C. Using Graphics command (4S minutes)
(4:301-322)

1. Defining graph
5, a. CtrI G

b. choose define command

2. Choosing graph type
a. bottom of graph definition screen I
b. screen 2 is used for entering data

3. Displaying the graph
a. choose generate command
b. save screen command to view latter
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4. Printing a graph
a. Matrix-Print command

5. Editing a graph
a. choose edit command

6. Sending graph to word processor
a. be in word processor module

1) be in desired document
b. use graphics insert command
c. graph will not appear on screen

1) will appear when printed
d. to see graph use graphics view command
e. must be in enhanced mode to print

-S Students work on graphics command, enter data, define graph, gen-
*rate graph, view graph, print graph, and edit graph in the time
remaining. Instructor provides assistance as required.

SUMMARY/REVIEW

The Smart spreadsheet is an electronic worksheet that can help
understand and manipulate data. The graphics command further
enhances the spreadsheet by displaying the data in graph format.
Both these modules can integrate with other modules of Smart to
produce a high-quality product. In the next session we will con-
tinue by using the decision model with Smart to solve a problem.

a40
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LESSON PLAN # 5 (2 HOURS)

INTRODUCTION

ATTENTION
5' As required

MOTIVATION
As required

REVIEW
Review Smart modules and Weighted Criteria Decision Model.

OVERVIEW
Up to now we have discussed the Weighted Criteria Decision

Model and practiced using Smart. Today we will use a scenario and
apply the decision model to solve and report a solution in class.

OBJECTIVE: Apply the principles and concepts of Smart to a given
scenario.

-OBJECTIVE: Solve previously unencountered problems using the
*weighted criteria model and the Smart package as a Decision Sup-
*port System

DEVELOPMENT

i. Using Decision Model with Smart (2 hours)

A. Instructor will handout Problem A (Handout 5-1) to
.5

students and review instructions on procedures.

B. Students will use time allotted to solve problem using
Smart and the weighted criteria model.

C. Answer will be provided to Instructor during 1st hour
of lesson 6.

D. Instructor provides assistance as required

SUMMARY/REVIEW

Today's scenario gives us an example of how to apply the prin-
ciples and concepts of Smart to a problem. The next scenario will
be more complex and will further your ability to use Decision Sup-
port Systems and Smart to solve problems.
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LESSON PLAN #6 (2 HOURS)

INTRODUCTION

ATTENTION

As required

MOTIVATION
As required

REVIEW
Review Smart modules and Weighted Criteria Model.

OVERVIEW
Provide answer to and review Problem A. Hand out Prob-

lem B. Students start work on Problem 8.

OBJECTIVE: Apply the principles of Smart to a Liven scenario.

OBJECTIVE: Solve previously unencountered problems using the
weighted criteria model and the Smart package as a Decision Sup-
port System.

DEVELOPMENT

I. Using Decision Model with Smart. (2 hours)

A. Instructor will provide answer to Problem A and re-
view will students.

B. Instructor will handout Problem B (Handout 6-1) to
students &ad review instructions on procedures.

C. Students will use time alloted to solve problem us
ing Smart and the weighted criteria model.

D. Students will have the two hour block in this lesson
and two hour block in lesson 7 to work on this
problem.

E. Answer will be provided in lesson 8.

F. Instructor provides assistance as required.

SUMMARY/ REVIEW

0. Todays scenario gives us an example of a more complex problem and
will futher your ability to use Decision Support Systems and Smart
to solve problems. Next lesson will proved more time to work on
this scenario.
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LESSON PLAN #7 (2 HOURS)

INTRODUCTION

ATTENTION
As required

MOTIVATION
As required

REVIEW
Review Smart modules and Weighted Criteria Model.

OVERVIEW

Students continue work on Problem B.

OBJECTIVE: Apply the principles of Smart to a given scenario.

OBJECTIVE: Solve previously unencountered problems using the
weighted criteria model and the Smart package as a Decision Sup-
port System.

DEVELOPMENT

1. Using Decision Model with Smart. (2 hours)

A. Students will use time alloted to solve problem us
ing Smart and the weighted criteria model.

B. Students will have the two hour block in this lesson
to continue to work on this problem.

C. Answer will be provided in lesson 8.

D. Instructor provides assistance as required.

SUMMARY/ REVIEW

Todays scenario gives us an example of a more complex problem and

will futher your ability to use Decision Support Systems and Smart
to solve problems. Next lesson will proved more time to put final
touches on this scenario and provide the solutions.
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LESSON PLAN #8 (2 HOURS)

INTRODUCTION

ATTENTION
As required

MOTIVATION
As required

9 REVIEW
Review Smart modules and Weighted Criteria Decision Model.

OVERVIEW
Students wrap up work on Problem B. Instructor reviews

solution to Problem B. Summarizes course and passes out course
critique.

OBJECTIVE: Apply the principles of Smart to a given scenario.

OBJECTIVE: Solve previously unencountered problems using the
weighted criteria model and the Smart package as a Decision Sup-
port System.

DEVELOPMENT

I. Using Decision Model with Smart (45 minutes)

A. Students will wrap up work on using Smart and the
weighted criteria model to solve Problem B.

B. Instructor provides assistance as required.

15 Minute Break

II. Provide solution to Problem B (45 minutes)

A. At least one student briefs the solution to Problem B.
All students turn in written report of solution.

B. Instructor reviews correct solution. (Handout 8-1)

4
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SUHMARY/ REVIEW

Todays scenario gives us an example of a more complex problem and
will futher your ability to use Decision Support Systems and Smart
to solve problems. This course has provided you with a general

'S knowledge of decision making theory, decision modeling, decision
support systems and the weighted criteria model. Also, it has
provided you the opportunity to apply the principles and concepts
of Smart to a given scenario to solve a problem using the
knowledge you obtained in decision making.

Instructor hands out course critque AU Form 629 for students
completion.

-S.

V

.54

r

.5 4

.1*



* rn' 'S, r,, rr.w. .,w1r..w ~ ~ , * *s'n~g tg '5 ~

:pss.

*4
h.

* APPENDIX

APPEND I X B

s~.

OVERHEAD

SE... I DES~GRAPI-E I CS

-U...

-U.

.1'~

.1~
-U..1~

*1.~*

V.

V*

U,

V..

-U.

.~. .~

0

UU1

Us

.1'~

46

0*
A

W~' - wvr~. Wb~%~~r-.~% %~I%~%~r * R~ ~ w- ~



aCNLMMU a*JUCT I %A

* Tcm I mp vm-i o S mu~ltlw mmki~ S .me*h mAot

ft 3IWcaV- dari adwC S 5* w oncmdw m 1 5 LAS w a *'

-4 dm cmi mftr-4w*ak .Ua ootsp-k r~o d~mvadd Icm#

tSi dinw=Aislmr mcmdqnl sAmenid tr af

A M V r5SW

1"f5smtpl ma# wdof wak a

- ~ 11^~ Li30i m i i' rti d S~ W a W p ~ a i



DECw~ IS~NMKN

Lwme 40 I atcn t c

LWaftcon 2

OW401 aI can Mcms aa n
DwcaloIarI SwJpp~rt Uyetmmai
Wwighteda Criteiri Dmaiuorn

Mcadwl I

Iritr~djA~tlcpn tca SMAtR

Lecan 4

4. preada~heewt
4' Grmphing

Lwamcon &

p r cp f I Wom

PrcboftlwA

Lspemcan 7

3 npt rdl a a m

Pre~konm a nmpart

*0 1-2



.4.

4

.9.4

.9%

.9.9..9..4

.9
.4,

.44,

I.
.9.
.9.
.9

OBJ ECT I VE

.9'
.9%

.4 D'm~v~intrmtQ . *ewawrmI krowlwdgw

c.t d~~iu1~ri m~k trig th~~r~'
.4.

.9.
9.

.4,.4
.4..9.

/4

V
9.

.9..

.9%

* *9 £ -3
.9

4%
.9

.4.
Cr

.9

*'

S

. , U U * U U



oaI,.. " o

4.a : a c-o e ~ mr,0 Cr Jo-otlIw

S~raRDEC I S I ON Ml .DOaP X c

"p STEP ± : aio rmftrbim1 -m

STEP~~~~ C:D)r~ r~~

.4o



I MFOFtRTANaE OF DEIC I S I ON

s---i1Z 1=: it' f p ar

C'~t~rx>' of goaL M & p- I m"M

m* -- -



-- --.- - -

Cost-Benefit Time Curves

4, 6 enefit from
C more Information ~*

::.Ls arear

4% **.*..*..*.* . Cost of gathering
U data or facts

.4. Time

I'oody. p. 4, fig~ 2

52



Cost-Uncertainty Time Cre

U

CU

.4 u nceraint

Cost of gather ing
data or facts

Time
rooov. o 5. fig 3

*97

453

4IN
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Handout 2-1

INTRODUCTiON TO MODELING

. 2 iBc!ter l'ecislinr'

I .4 Aid III P i' ,,a*U0nS

1.1.5 Inuition
1.2 A MOUDELING DISCIPLINE

i2. IsintpIieirv
1.2.2 Conimunrertion

.213 The Ntunaieer Rtoie in Mdii
.3 GETtING STARTED

1.4 CREATING AND USING A MODEL IN A HIGH-ELjL
LA NGUAGE

1.5 INCORPORATING DECISION P'REFERENCE INTO MODELS
1.6 USE OF CASES AND EXERCISES
7 SUMMARY

KEY TERMS

EXERCISES

This book is about creatinuz and usinL decision models with the aid of a computer decision
,Unport system (DSS). For our purposes a decision model is any quantitative or logical ab-
straction of reality that is created and used to help somebody make a decision. It consists of
quantities and thcir relationships. For example. if' you were considering the purchase of a piece
of real estate. you would project revenues and costs over the next 10 years and a residual value
Of the property after this time arid then put this information together to help you assess what
the property is worth. You may wish to express the relationship of revenues and costs to inflatiotn
and then investigate a variety of inflation scenario%. A decision model would contain all of
your forecasts and all of' the relationships amiong the variables. It would provide an estimate
of the value of' the property for any inflation scenario you may envision.

A DSS is the conduit for creating. revising. checking. andf tiing the model. In its crudest
fform, the DSS may consist of a spreadsheet planning system. such as VisiCalc (or one ofiits
miany cousins). or an equation solver, such as TlK!solycer. Most of.the thins v u might like
to do in usine this book could be done reasonably well with even the simplest of such software.

The professional. however, will quickly develop an appetite for a higher level of decision-

Reprinted with permission from Modern Decision Making by Samuel E. Bodily. Copyright
1985, McGraw-Hill, Inc., New York 10020. All rights reserved.
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4 GErTING STARrEE1

iitakiii~ ~uji il, hiii o thc c'iiptcC I )S's .1r.1 a 11gh Ik.-: IIili~u.Wkc 11i.11 .ihl'm.N IioI mututal
English-like e~press.ion ot the miodel that is able to acces% 4t'ipowate and %endor data bas
that has easy-to-use graphics for displaying the rcsults. and that contains powevrlul computation,
features for activities such as "wha:-if." sensitivity analysis, goal seeking. extrapolation. ris
analysis. and optimization. In addition, think of (he i)SS as a systemn that suppiorts the manage
in treating ill-structured, miessy problems and extends and enhances the muanager's own un
derstanding and judgment rather than providing a unique solution.

The examples in this book use the Interactive Financial Planning Sscni (IllPSI'. whic
has all of the features just mentioned in an easy-to-use packave, that ukns on a nitairani
computer. A companion package for the personal computer. II-I'S Personal. is tull conipatibi
iwith I FlS on the mlainframte and is ill runf Int of ,d w e sa1n lC ma 'del if) thi, ho k. IFPS
Pcersonial does not support risk an alN si s arnd optiuiation and 11 does not solve problems V. it
the Nanie rich %ariety of' features, available on IFPS.

Man\ other minframe financial planning, systemrs have feature,, sumlar to Il-PS. and th
user of this hook could use these systemis to can-v out the modeling ta1sks and develop miodel.
for thie examples. The list oft usable s% stems at the time of* printing of this book includes tlh

System Vendor

CUFFS CUFFS Planning and Models. Ltd
New York, N.Y.

PIS Boeing Computer Services Co
Seattle, Wash.

Empi'e Applied Data Research
Princeton, N.J.

Express Management Decision Systems
Waltham, Mass.

FCS-EPS Evaluation & Planning Systems. Inc.
Houston, Tex.

Foresight United Information Services
Overland Park. Kan.

GSA GSM Prediction Services. Inc
Manasquan. N.J.

IMPACT MDCFI. Inc.
East Brunswick, N J,

Mude; Lloyd Bush & Associates
New York. N.Y.

MSAFMS Management Sc~ence America
At-anta. Ga.

Simpian Simnplan System,;
Chapel Hill. N.C.

stratagem iniograted Planning. Inc
Boston. Mass.

System W Ccrnshare
Ann Arbor. Mich.

XSIM interactive Data Crrp
Waltham Mas-..

tIhere ai, nfiI sil twa re po ssiilit its oin the or icro 0 imputet r1- %%clt too '0tanN to proa id
al coMpfete list. In addition to) 1tw (1111 1 couisins (if V'isialc and Il4PS Personal, the list 1)
iiiic:roo ilil ii11i4:1 'ltss arc ia iable at Alittle this boo0k V. Ctlt ti) Press would include:
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. INY41ODUCI ION TO MODt S~

Sottware Vendor

1 2-3 Lotus Development Corporation
Cambridge. Mass.

Encore Ferox Microsystems. Inc
McLean. Va.

MBA Context Management Systems
Torrance, Calif

Mulliplan Microsoft
Bellevue. Wash

JSystem W Comshare
1. Ann Arbor. Mich.

N" FKSs.vrr Software Arts
Wellesley, Mass

V-S'GC.~ VISICOrp
San Jose. Cdhft.

I hi' aI s)~) I n ii 41 tg. nII) compuiter I anouad,. wtid it is intended lfor Wt-e.rs iithese

i'tlcr x dcjns as %%el ;is Il-PS users. In most 4. ases thLe non-1I'PS users %kill be ahie to undcistand
TIl I IFPS inodcleail and translate them qiiickl\, into thle language of their o;' ii systemis.

1.1 WHY MODEL?

You huLd a itodcl to help you make a decision or to help somecone else's decision. The help
com11es in tv.o %oays. [-irst. the decision maker can respond to much more comipexity than onlC
pierson can easily pra'.p and resolve. Second. The miodel. through computer support. can keep
track of many detail., and perform rapidly all of the computations. 'This allowks the modeler to
dex ote attention to judgments made about the individual details and comlposite results produced
hy the mo~del.

1.1.1 Necessity

Models are built from necessity. They are done reluctantly when simpler approaches will not
Nutlice. They are not a goal in themselves. even though they can be fascinating. almost seductive
in pulling you from the decision at hand.

No one %wants a model. People making decisions. want. the help that models% can cllictently
gixe. 'The model is not part of a goal--the decision is the goal. The moidel must be limited to
a small effort relative to the importance of the decision. Low-stake decisions will be moideled
only it'theN are repetitive or generalizable enough to be levered into a high-stake problem.

Learning to model requires adapting one's language in order to communicate the model and
its results effectively. The medium with which to communicate models Kith to computers and
to others is now pros ide'l by modern high-level tmodeling languages. This hook adds other
design and conmmunicat,on tools to aid the process of translating a messy problem into a moidel.
While it is necessary for many people to become accustomed to new language and certain
conventions of communication to crecate models, fewr people: need to spcialize in and study
the langiiage.

In thi hook computer language and tmathematics are treated as English would be in a
trcshtnan Frnelish couirse; we all need to usec English. but understanding language is not a goal
in itself, as it might be for an English majom . The modeler who is adept in a parlicu!r tmodeling
languac is like th sriter ofliploniatic communiques. The translator can take pride in accurately
rendering the subtlety of the subject. Yet neither the language nor the model is the end in itself,
they are tocars to the end oft better dectsions.

- . 88
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6 4 - '. . sTAR~TU

f.1.? bcitcr Desionls
I i..2 iwskol his helped you it* you get a hene~r th'cin. The decision cdan take into acci. uni
oiote tit the relS ant f~acts and how those facts apply to the decision. The decision can deal
%% ith inan% relationships among things that influence the outcomes of interest. The, decision can
'icl-ude the interaction of influencs over a much longer period of tinme so that the decision

tlwc not just respond to the mnost obvious short-term considerations. The decision is better
Ix-cuse the model has allowed a sensitivity analysis: The outcome has been studied as different
4SWIMptions are methoidically varied. The impact ol unccrtain fac'tors (on the surely of results
Linl he understoxod The decision maker can understand which asumin los.t affect the

1.1.3 Insight
X nuk ski vi'e% % eu Limight into your subject. You can explore the balances and tradetolfs am'iir L

tite ta, tor% that criter the decision. You )carn the structure orl the sublect ---the rclitionfhips
amotng i,,tluenc. It is useful to break a problem into pieces and put it back togother in
iii.del iti~t to understand its anatomy. Diagnosis or other problems for which you dot not bu;, i
.1 iiiisdli will !1c helter because of &hs undlersanding.

1.1.4 Aid to Pre~rntations

N mtvdel .-itn he in aid presentatins. The model makes explicit the beliefs about inheraD~tirns
.asipco, otl the %ubtect. Your presentation to thc decision maker(%. or yotur depituion (it your

.),s decision. uses that structure. It shows your understanding or thse problem as compactly as
pvssihic You can concentrate on the important aspects. as shown by the results of inodeln..
ather thin the ohs iouN aspccts.

1.1.5 Intuition

.ceijuc 'jgii behave nionintuitiiely. l11w modiel gives you insight into these nointuitoc
'xu osthas Lomew from tinw lag% btween action andi response. 1ratin interactilons, and l.i

the Jaimping tot ine influence by another. rhe model pro%. ides intaition tii/a therh(de. startl:
tith intuion atwtut the parts.

It~ Le molcl 01l% % 'ou which gaps in )tour knowiledgec matter. Necessarily, you al%%ays vkork
Litti inflipletc Andcrstanding and data. Most gaps do not affect the deci' ion inut-l. hut % our
.40 ,,a si' ells )(ou which pieces (of infirmiation are important. Trhts set% )otir agenda b i

rc.sr-.h It tiune and monecy allot%. you knoto, which areas of' study %hill most im~prove tinc

*quilit% tit *hit detcisin.

1 2 A MODELING DISCIPLINE
*I tit iuuii4: rlust Nie rcliahhk It miust accurately reflect the ass-uniption% ot its builder. A it%

ipl~ iiuicscj ill o the iliLl is essential. The rest tit this chapter des~tilic% sich .a
'1i1, ipilnc. iwe that tiorks. woell Subsequent chapters. develop (lie elements ol1 thai disciplinc

t 2 %1 1ipict 111s Nkpimple. N'th ft help snake it reliable and 'it linio the in~visicrit in
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orniti of Cllu.tl l lietd in. h , ill j hin ' hall. 1 u i il der',il. lint 111,116 c all til tl i blant ll t
pwri in whih it Isan be i Ccsar t) go ro hack and redo a prcvhsa %e ill the ie li.', ifr
.kip ahead tt a pri iae' antiwrk backward. Two importan t wathw orde s arc imllslle hr-
cu tfit it) tht hare essential% and ret'.sitrany .,rctlure already applied t. tih" p'.enkm~i g-ragtin with the proce's..

1.2.2 Commungeation

A modeler mu.s t communicate with a computer theat run,. ILe reir'.l I ii in ie hdu importantform tit cornmunieatioln. More inilsirtant.v. i;ttlel bhkk, rs i',mm't ilh Illfhen.u.

tthiosui Ihe nletl. abut the srUlUc of the ,,uhodel Irhsl their career'd.l muI I. wcill
%wri¢ 0it it ian h de quickly undere ol. rhi claritn alro help, nake fode bldr'il rchahlci.
i'he ilator a priod he coimlunidcatio te olhr ' be. It rvoprc hIl. the endchsle0 ar
tlhv 'thate , in the Ste\en'. & Cio e dnvtlohid ito . In tha csu, it clti t rvrrntial.

-1.2.3 The Manager's Holes in Modeling
\ lull ;ir.'1 .-LI 141 : t i~ t the ',pecilic purlp.w offl te disioplIns: requires.1 11 11u0011.101.-u 411 OW

" ' rc~tlation,,hip, btwent hel l inanager aild the itodel. "Througho ut their carct,. mp10 .% will
l.~~%%)rk %%ilh deci. ion models, in three role% . The mianager serves., as nmodel builder a0nd ltdink-w.
. initiator anld to.e(r (it the inodel, and as the moldel's Ilcnfci.iar% or t h,,nt. T'hese n~le, are
iIlu.,trated in the Stvven,, & Company' cati itn this. book. lIn that c:aset a reo-I c'iah." firin that

i brokers large estates and agricultural properties, is, interested in nldelhng it hayi timber and

farm property for prospective investors. The company engages a student o1 a master t husiness
administration (MBA) program to carry out the modeling work. In (his situation. the MIIA
student is the analyst. Ow. broker is the user,. and the prospective buycr tit the propeliy is the
client.

A hile settings of problems may vary. these roles are gencrall) id'ntilmable in % irtually all
prohlems. although one prscmn ma) play more than a single role. "rhe Unicron ca,,c,, illutralc
the role% in a corroratw.n. for example. A financial staff nilnber is the atialy.s. fhe % ic p:re denl
ti finance is the user. and the mcmbcrs of the new products review committee oIsneor execulivet

are the clients.
Typic.ll't. NIBA graduates pla% the role of analyst more often in the earl% %ear, following

graduation. As they move up in the organization. they take on a greater portion (ot the user
tile (and have anal.%t, reporting to then). A,, they becomnc respormble lor moic and more
decision%. they increasingly arc clients with respect to the models.

Each tole rcquuim,, separate skills and an appre.iation of the task,. faced by tho, in the tother
* role%. As a user. the manager will learn to delinc objectives and p'rs4isnasX ti.aul.'% h r

decision making. it) structure the variables that will ie used in the insod'l. and to caluate and
us, the support offered by the model. As an analyst. the manager will learn h-o to write the
model him to carry out the assessment of numbers needed in the model; h4w t, conduct an
anal 'i, of any combination of certain. risky, and tinc.depcndent variable%: and ti tot com-
Inunicate to supervisors the work done on the model. In both the user and the anal. %I', rolc, the
manager will need io know how to present the model dcsign and result'. it client's A' a client.
fhe maiwr w ill leam ' to ciscie and un.lerstand the work olt other. aud le.uu appririlt"'i v Ill', ;t,, u(ric'i, in the iludcling ell'ort.

* ie 4.kill,, nctx-r. t,,r\ lit- elfet tlisc in cacth I sIt t hee rol e '. r e v c help d ati Il,'. ls ik.
e Th: !. sip nc ot in ding i. dc,,crild as s iu l! flhe reader is is ltlh.'hd in healmill all t l siie

rol,%. Indeed. in many sit the caes in the bxiwk. proper undcrstmbdl' tit 1e sih t sIlll alil lIst'
,11prptiah taik% t, carry out ruqiires that Ih. pltib l I 10 11 lI t'll 'l .Ol'ach 14.,c,
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8 (it T:NG STARTED

1.3 GETTING STARTED

Nlanageis kitten have thle greatest ditticulty kill,%% ing hoim toe staliti a odtel I licir problcaint
appear tot be huge and untidy. and they may have little confidence ;end experiene in creat.,
a model. I1lilt% a majior focus of' the% hook is miodel stucturing.

llo% do you stunt modeling? First. understand the decision that is it) he made. This solu
-.impie. hut %cry often a problemi is %o comtplex that nit tine has cearly stated what the-y
trying: to decide. TrhiN phenomenon wu illustrated vividly to aile in %oirkaing with cxecuti
on a new -pri duet-de% eliipnent problem. Although thiNsia %a bit! projeCt on Wich many IM
had already done a lot of planning. I could not cet theii it) tell tile %lhat thle decision to
itiade was. It might have been at go or nio-gol decliion on tife product. ori it may really hi
b'een a priodiict redce*_t illiqc~t iiin iiwec the commiiitnicni ti the pri 'dud Ii sitene fo rm appea
tur-n. A IIti gh it lot 4ol lttle and ti rk lead almIrc bee ii %.punt on the problem . no one was %

exacrtv %t hat the deci%ion Aa-. ito he made and %%hat %iere the available ajiernative% In
case. a little ftme %pent defining the que'tions it the AMItSO could hale sa~ed an eniirniI
alioilat ol tim1e later.

Finding the olbjcctivcs ito he achiewcd in iiiaking the decisioin is nt alvkavN obvious. of inpi
in the decision. stakc sure %%hat I- being niatiilied betote creating a modi~el toi decide lilt%
tit it

Chapter 2 present% lvNs it) deline decisioln %ariahles. tot establish the objectives (it deciNi
iiukiia!. ;tid tit identit'% atirihuteN associated % liti the objecuive,.. % kev contributioin tl 11
niaterial is thle assurance that it can give the modeler that the oh *ictijves of the decision mna
canIl he transated into attributes that mneasture the degree ort achievement of the o~bjetivs

Hlaving identified the variables tit a model, the next step is to decide liom these varia
* rclaie ito onle another. C'hapter 3 presents tools for structuring a imoidel design fromi the variahi

The influence diagram displays all variables. and arrowls running from) tne v~ariable to ant1
indicate the direction of influence. Variables that are assumed to he known with certaintyI
distincui-thed friom those that are uncertain.

TUhe diagramn also uses three distinctive types ti1 intluence. The simiplest intluenkt I is
%%here the level of oine \ ariable determines the level tit another variable %%fill ecrifint.

2'r,,,,d. ', influvnce implies that a variable onl% partiatll affects the level ot another and
uriprk-dictahle treet lst) partiall% detcrmines the Ic' el itt* the itluvinceu variable. FlIR finial t%
tit ftcc is aI prt:'cre'ncc influence. w~herein the desiraht% tit t a attribute is influentcd
another %ariahle ir attribute.

[tlie step ol %.rcating the influence diagramn is. the most mliplint tine fin estahliishingI
Ii ji :iew irk ol* the miodel. Often ', u fietld a -na 'r intl nence is. nhil uiiLd it an attribute ;tat
Wkhen tis occurs, demiote itto a minor ciinsideration to be handleduttide the model Sos:,cti
hilles Ilt the influenice diagram inidicatze that intermediate %ariables ate ilti%%iig. Noti ,ill% tit
the linishcil influence diagram miake iou rcads it, get diia n Ii i l~i natt-gi itt (1l writinw.
mo~idel . it i. thle most convenient Itori bor preceniine thle atedel *." itherN.

1.4 CREATING AND USING A MODEL IN A HIGH-LEVEL LANGUAGE

I Ilk 11. Nt %It I, is w iceciale 4iii thl: fll Ill Itt rej'~lat 'nh ji 11Clt k1 cact i l nti f . Keel' 1met.atmill~lh
smiid.,c e it) piii .: for in ltiol xi ite in't dril nuat nathe.,t acs I .a1 t.Ist

iiiottcliia -. it' 11itlie %k ill rev-isit thIll 1iics nd1%u i t : all IiitelN .%IN i\ o n ri 4%

Ilst fit. 11t w im.111 i .%t 11~ii,!:L: hl ids t it ill ty1111 .gitu tk 4 mt Llk-s tle ilc 111 t1. 1.,1

itot tc.'iu ii, aipe itati I u liva.p 'it le. it- liilat t, ted tm 'eaial ui
i. ithe i wilL iklire itt 1tc"isitle rcIatuuiia~hilis ant g .it.ql; that liia% Ix cIisl i lit

it, kreafe I cali *1ic iii idel Is( hapie te em mt'es .i mnul t itk Im i11i..laI Iiiitt i ls tit iow

~ pies r rc!.iiunshihI hIcte ii . terendein %,it mhic andonv uiiiek 1i ii' ime ikillj \;aI114
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t .I' 1. IN 10 M0111 IN4 9

1 o, vi' ..1l1I111o,- i,, tile tc3llc%4 111 11 I'S 1111 it .i ilw*d III1! -41 id .1111 1 .1'.1 i 4 4%oi 11141st

1"1114 Ic'.4. p jlaning~ oI III., od i e~tlI i %1%1 iitiol dt l'sp call he 11 3'. duc w iha I 1tt0C

eL-Iton e'. el oil liliclbootiputer spreadshetet planning soilm .re.

iltile iu1 tdel Ii its compolsite lorm A* Ii rst cut runmill tile mtodclt I, si lic Iplai.to [~it
lilhat-it exercising~ help% in understaing~ and %crit% ine the iiiodh- .and pi.'t ides ans~wers to

tkc's.%ifit (fllc'.litills, Setsitiv'ily kIllii 515 '3I . r'tes' .a I hIle '.inIIlie alce f'i111iIvo I 1t.11k. ~I ;ite 0,I I domnuiine :tt riutc It:% z I e l'%v untici 'qaldani! i4) decidt. it and
lism Ito 11 SII 1 1141dii~iel

AI111,Iavce. \,otncl tc~t *'a ~im tile iI 'ci Voi cinipie. \,si %: an check
%heither it -. loiblc i attain arli ed7W levelt IpcI0tl1I 41J 101i 1111W IhV

hegin% uit ii. tilue protileii front the realn u ~iithitit) thek ICAuat VI bestI* I'% A what's-

buite,.. This fai~es qllestlons oh um It,' treat miultiple t'hteclt~k.s andi tlflciiin attriblutes

1 .5 INCORPORATING DECISION PREFERENCE INTO MODELS

Chapter 6i describecs the major %oays to w~ake choice% ac.couniting for inuliplte ohjccevt~s Starting
allth domulinlance andi other approaches that do no't require t;dcots ainoi. attrihuttes. the chapter

poc- tin. ift) describe proceduares for weigt~hine attributes Thew procedures are easiix Inco'rporated
~. *~. directi) Into3 a model.

Chapter 7 provides the modeler with methods Iior in~corpo'rating attitude toward risk Into ithe
model. An important aspect of the approach of this chaapter is the discu'siou (i1 how to treat
risk %%hen one is modeling corporatc risk preference%. where there is no( sii: pers-on it) tcxpres'.
attitudte towards ris.k.

The modcIler may want a more realistic modKel it! preI'rc.cs thin wais pro'vided in hpter
01 In particular. it mnay he necessary to treat iflteraitions aioni1~ attribui t itt l4inlneaf %jue
for aftribules. Foir example. an altribute suJI as square feet oli paie Ii a ioia'el to' hlp in
choosing a home mlay bet such that its value is nonlinear. rhat is. the vahuc tit an additinal
IlKW square feet of space may decline as the wue ot'homec increases. iPrekercinee fOr this attribute
ni.tIV nteract w.~ith another variahic or attribute. 1-or examtple. the location 41t tile house mlay
,really affect the desirability of %arious home siirc. These: issues are trealt Ii Chapter M

Hes~ides discuss-ing the Implications offthe various preference nliodel., the chapter pitles giidaite
on .i'sessing preferences.

The finial Ito chapter.- deal with specilte .*:pplicatin j'ru'hlenis. Chapter t) %hit%% sot Iill 3,use
1110&1Is hr gro'up decision making. The principal application tit (lti would he I(3 the dcllfuilitf

dccision problem hut more general collective choice pro~blems and bai~aining piohkis arc
considered. Voting rules. scoring rules. procedures for achliiig consensus. and group prtcf-
erence fuinction% are presented and incorporated into decision lillduls

Chapitr 10) treats issues that arise when inodeliny, ris-ky prtlcts% that stretch usecr signulicant
aimunts (if Nile. Several approaches are described. The discussion Shiel centers on3 %%hlen and
iihs. each possible approach should he used.

The discipline developed in this hiook %%ill prepare you it, take anti nsinictuted pridilem.
ilckt: toll1 the Imlportanit s ariahles and jti ra hutes % trua~i tire ill tluetk.cs .11114llig 1i ese iallahes.

apl\lv Nour mmonI or a gli lup' s prelereilces 30ei) l c sitrci~o thle iwit iI. .indi nwkl I dckiashIn.
lolthat is (lien iiectal is fatuin Iaritv t itit a totide rallet uit *apl mitw and1~ I. exispe tlct
des elopmri miuhde-s in :i decision contest. tilhe case% itlking up ifi restI tt ls,ll pitividi:

liii5 .3j~34 r Iil~t 4 i Cin .i-al iv the ds.Ip it
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10 GETTING StAHTED

1.6 USE OF CASES AND EXERCISES

(.asc arc ari/d bN lunction;al or application area .a% %;.ix at an the tahl I co .iiti%. N.,
thel'e-. (lie Lac% are intended ti develop specific modeling skill% Atrgment qu. lstm.
develop thoe %klklk arc given fr particular cases at the end o" each chapter. Somi ac
inte grati\a: no aigninent question% are given ho thent. A ptrincipal coinqlonent oft learning
%:rcat a model is developing judgmnent about %%hat .s the major u hodeli tak lhu% the diagn
ol %hat to do with the integrative cases is, a key part o the learning hat comcs tronai ca,€

(cearly. the learning that will comc Irom the kind,. of cae. i thi% hook will he: cnhan

hb c.lar.o dis'cu%,ion. Where thi% is not aailahle. dIcus% the pl o'hena% alih collcagu.%.
u~e thie ca'e% to id.entit'N %imilar problem area,- in youro%'wn area oft respon'.hi lity W ork thy.u
th",w pcrMoali/ed cac% a% OU read [thc chaper%.

With each :htpter are ccrie%. Spend %onl tmc %kith thew a %o .'L read the :h-pthr,, St,
of the c\er , %,, have %amipI solutions at the end ol" the h ok. Rc.,ogni/e that h.. ot !hi

-.-- "- F

V.nrables Object~ves
,haen2 2) ,;Cacter 2'

\ Chapter 3/

- .... "~- / Dependecy
(Chapter 4.,

UnaM t. MODEL

'/ l ect' \ e
. I Ct~0o0ce !q"

j\ (Chapter 6 '
L)Whr, a n~ d m o d e i

iChd.ter 5)

t3 irte, ) -\ . .,

.,/ p ul! p " ,' . . '

2',dp~.* 1J

1t

EXHIBIT 1.1 hirluence diagram of the modeling discipline .nd the bt ". otgantt,jilon
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cse~ se l.ie v ill .611%A0 . .and ihesec s(lItoIIsIII siit-114 I , .4i! *1, .11'111lv

(tic \%o'ak \oil ilitc iad to (Its tol if lke oercise belt ire Ilini atl the back ti.t Ili& bohak 4 ieaal y . lhe
aIILle 401 the mnaterial loi the nonclassnnani user I% tied to tic deagree ot self -discipline ~oican
mauster it, work through the cxercises and use the cases along fA id) thle readin:g ohl the chapters.

1.7 SUMMARY

Vt hat INu ti i nmntel ing I! tu ltl lIV %ci amplete Without a ,,aodeg'I ol its ctigacepattal l ihe best-

%.I. it, e \lres% thle essene tit a iii. add in a nut shell Is throuigh ;Ii i l uea hc diaail T n huts it
is appirtpriate ito end this chapter with an influence diagraino th le hookl .and It% ;assicieated
nuaidehn- discipinie 1see Ex~hibit 1.1). Undoubtedly,. this c\Ia1haat %%Iall lacdt aaaoac iiilt o filte
%shl a ad life boo In ariallea thle materida till inhiliacane dla. rainjs in (11 I1c apte i1.1% l1ce atv ad It

%Wl iuc heI~ ssawt Ia 'k at thle e\11h1 abat leflo a:.4ms. thell ai-cfel Ito it al tearel CnhIaipter .11141

II c rectian gIc% tol I. aibi I. I aeprcsealt Ch1a0116-0 made 11% tile a10LII- 011a11 f.'i e niale ii.IM011

proceNs. Fhe modeler must decide what are the baaundarics oh the prblleaa .and s' ho \I'll! pIa%
tile roles ohl user. ;analvst. .aad lIient with respiect to thle model. Circles relef t(1 .arabales an tile

aaaaciepianess. for ni tiher %aards1. the caompoinent tasks faced b\ the itattlelcr ain frvaa~iiaa
the tiltiaaaate goval oit making a decision. Note that these talks center onl the modnel (it thre probslem
Itself, 01 course the ultimate measure ill the value of1 modeling is thre de, inaf '. rvipreserited liv

KEY TERMS

dcision moadel sianpli IN reconsider
btter &t.~ isin roles in mrodelin)I': anal\%t. user, client
winsit ntaaalelang dascili tue

aid to presentation
intuitioan about the whole

EXERCISES

1.1 Whsi .are %,vu interested in this boook? What are your ti pical mostiet iflL tasks' \11hat ttii It,, \tili

pta illn thewe masdefing tasks-analyst . user, or client ; Select ltw tit three oht theseL I alk' 10 Ithink
.at'atu is yiu goa throagh this hiook.

d1.2 Bawed oin your prior extierience with Iquanaitatase niatetiai. assess \our t phahstlNa>I ill aaa4hihip.
Nlake a t'e%, ntles oin the process tit paing (ro111 pitobleill Ito mlodct III decisin141 Fot1%hve it aOaaatalarc

4 awath the Ideas in this chapter'!
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Handout 2-2

Decision Support
- /,-

J-J

I *MOAL WPM OU mission was-to
Programs that help you take that modest bud-

Y.U get and, in the en-w sa rtrepreneurial spirit
, facts really can improve promoted by the top

your business decisions executives at your
V company, originate

and implement your

own projects. You and ynur management team did just that, several
times, in fact, and did it well, with a few dollars to spare. Indeed,
the team feels it has the Midas touch; during its last meeting, one
of your people suggested developing a new product to introduce in
a hot market. You are mildly in favor of the idea but also apprehen-
sive about the possible need to divert capital from ongoing projects
or have the team's winning streak snapped by an underfunded ven-
ture You decide to discuss it at Monday's staff meeting.

At the beginning of the meeting, many people share both your
moderate enthusiasm for the idea and your misgivings about put-
ting an added strain on limited resources. As you discuss pros and
cons, however, you realize that everyone has become increasingly
enthusiastic about the likelihood of yet another successful project
by the company's all-stars. Finally you agree to commit your team
and the company's money to it. It's a decision you live to regret.

epneitBY CHARLES SPEZZANO
Reprinted with permission from the October 1985 issue of Popular Computing

Umagazine. Copyright c, 1985 by McGraw-Hill, Inc., New York 10020. All rights

reserved.
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Six months later, the new product but there's potentti for significant beginning withthepsycholoW ofde.
is stll not ready to ship, despite your help in making your business deci- cision makdng-no-only because it'
having convinced your division head sions an home field but also because it

od that it would be, and you are pessi- What follows is a compact but provides the best backdrop for un-
mistic about your companys chances thoruugh tour of the questions sur- deMtanding how computer programs
of getting its anticipated share of the rounding decision support software, can help people make decisions. A
market. Worse, you are unable to desription of the two major catego-?i ~fully develop two of your other proj- P s c riis 0of - DSS -progranm ea nu et,
ecta as successfully as you might W1ong with comments on the leading
h dve V you p oncentrated your ohonteerep in each and va mpl of
haer and budget on them instead u her use in real-life business situ&-

of taking on this new brainchild. lions CApsule summaries of avail.
The promotions you thought were able DSS programs worthy of con-

almost certain for you and several U5 uideration begin on page 60.
key players on your management
team seem much less likely now. You .jjj amsp Dynamics

--- remember that when the new proj. W l A student of modern social psy.
'- ;" ect was first proposed you worried cholo would have guessed that the

that something like this might hap. . group decision in our opening
pen and now wish you hadnt ignored scenario would encourage you to
your original risgivings. UUUII UIUUII take that unfortunate plunge. Once

Can decision support software upon a time, however-s recently as
(DSS) help you avoid a costly deci- 25 years ago-psychologistabelieved
sion like-this? After reviewing 10 of that groups were almost al1wis more
the leading DSS packages and weigh- emfervative than individuals an their
ing that evidence along with expert extr m 4disaie making. But the f&st at-
opinions and a desktop full of books m m frl tempts to test this wet-blanlst4let
and articles from the growing litera- m ore, - quickly cast doubt on it. In fact,
lure on business decision making- initial studies in the early 1960smug-
in light of what psychology has come geated that as groups discuss deci-
to understand about human beings e Ion alternatives they tend to get ex-
struggling to decide-the answer I in t ir v cited about taking the riskier cause
arrived at is a qualified yes of action. The idea that this might

Indeed. each of the decision sup- be an almost universal tendency
port software programs covered w among groups led social psychoo.
here can help managers in situations gists to attach a nickname to the
like that in the above scenario, albeit phenomenon-the "risky shif .
in different w-s And if the software Alas, this theory did not hold up
is fed the right information, it can reach MII nu under further investigation, either.
help push you and your managerial Other groups got more cautious as
staff toward more cost-effeaive *ladiscussions progressed. The cwn.tra.
choices in diction turned out to be the other

y . Some DSS programs help you side of a coin that may well reflect
'-' weigh the risks more dispassionate- a universal group tendency-the

ly, while others marshal financial tendency toward 'polariztion" in
facts into more accurate forecast& u s i decision-making discussions. From

% None of them makes the actual deci. juries and panels of judges to groups
sion for you, and all of them can be involved in bargaining and negoLi-

0consciously or unconsciously misin- sag, individuals within groups tend
formed by you to reach the decision to become more extreme in the
you want them to reach. Further. views they started out with than
more, it takes time to get the neces- they were before the discussion.
sary information into the computer Why? Some psychologists specu.
before any DSS program can do any- late that, as we reali that a par-

-; ,thing productive, for the proper use ticular position or attitude is the one
. of some of them, the tune frame is favored by the group we tend to em-

weeks of data entry. So if you're in brace it even more fervently than
a big hurry, you may have to go with when we thought it was just our own
experience and intuition rather than opinion. Others argue that alhough
electrn-,. There s no magic i DSS, everyone starts out leaning to one

side or another, individuals may
C Canc Speuano Pt, r. baA ba.d es favor the same choice for different
pUti ho K.v ttnc IouJ'd tre "t v h fo t reasons. Then as the discussion pro.
IWwnuo-, or Ln.utt v, L"r% ceeds, we add the arguments of the

"0'.
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~DECISION AID PACKAGES

Usubhho Aasssetsalvric foto-bsdd"st Pugyti, a hierisrhy of optv.no% issityaw vAsLa w~zrh% of apinsbasd on
anvWd cala ficto, (5250. for I B.M1 PC. XT basewd on is*jghtd critscal factors. (8639, for IBM wighted critical fietw (54%~ IBM PC. XT. AT.

A. and copaibes. HP 150. and DEC Rujn" 100 PC. XT. AT. and compazibicawith 126K or anv MS. anid cenpatibOLi with 190-K anid DOS 2 0 or greater.
wit 129K aind DOS 2.1 or greate.r Kepner Tvw" DOS comnputer. versions for CiM-86 Ii2SKj and LightvyeaulInc. Sj-.i 2A4.tflarshorryM
Inc.. POB 704. Pirinceton. NJ OS-42.16099i- 2W CPM-80 1561(t EzecuL.-c Soifluirv Inc. *Bat' St. Palo Alm~ CA 943D3. "Wg~.lD

Sn'ant ba.% Ontari,. CD LOL 2L0O. 7O. 0&-, xl%

givort Ceka. basd on a derision trer mnode'. VOCae is a decision control and monitoring system. Tha be.sh aiser is a decision controi and
helps you assiew intermediatk decisx-n ir. rra:!t-rj bAsed on p-edet~ermnined limit. (51495. IBM PC:. XT. mnonitoring sy-nirm based on prdeernmned limit,.

a tated goal (5.49S5 IBY PC. XT. AT. ard co- AT. and co pattbiec with MZQ and DOS 2 6 or (52!0.IBM PC XT. AT. and compaibes wih )2z
patibie ith J256K and DOS 2 0 or grvv'rer . rrater. Thoughtiiaiv Inc. Suit. 100A. 255. S, w m a d ives; Aamo LearVSystm% Suiti
I on~ Suport 5ottWWo 130 vuicr pat. M. !A . bavmrso Dr. Coconut Gnuot FL 1335. 3%i-54 23lb M0U. MQ, Mount Duablu Binvd .walnut Creek. CA
V'A 22101. 703-442 7SM, and K -4&9.,3) W.5%6. 41&S3&852i)

*others in the group to tne ones we durinp that incubation. period is r-a'her than to acll,eve a gain be-
'-ad already thoug'-t of to bolster ow- on an 'vthing a computer can cur- cause, psychologically, losing some

*position. rertly do. All that has been assimi- thing we already have hurts more
No matter which ex ' l anior for lated undergoe s a transformation, than jiot getting something we wrant.

polaiztion is correc, tm "inood and a new waN of Seeing or doing In the face of such a complex psy-
*that groups may not help the ind, something emerges. chological picture, keep in mind
viduals in them move toward a bal- However, we can't be sure that, our these two critical questions as you're

*anced and well-reasoned position has, nev:- visic~r will accurately reflect considering a DSS program to help
strong support from a host or re- reality. Recent studies clearly show vwith business, professional, or per-
searchers in social psychology that our personal view of a situation sonal decisions. First, is the softwaRM

will stronglyv uxfuencE, our decision Likely to compensate to any signifi-
Gu-Level Decisions evnwe e r tiing for a solu- cant extent for the psychological liun*
The study of groups is not the only tion based on a rational anayhsis of itations of human decision makding

*/. dpsychological perspective from whi c .the fact. Because all decisions in. Just as important but raely eon.
ito view the decisionmrntk -ng proce.,s volve judgiment in the face of uncer- sidered is the flip side of that ques-
Pschologists have $-r. . aware fo r t lin.T , A t, urnhensciousl. fall back on l ion: might the introduction of a
half a centurv that individual dec a r ,,, icty of ecision- m naing prin- computer cancel the often over-

*sion making foliows a dofint'j', pa: cluic:- tha:, defY the laws of prubabi>- looked positive contributions of emo-
tern. Once wt. become immersed in it t- W may look~ for a couirse of ac- ion, intuitLion, and experience to the
the facts, Ideas, and tchniques of a tion that matche(- our mental model decisionmaigpces

'"particular situation, we sit back" and of ho things should be. We my
pallow those collected experience- 0vi-,tr ,t ~ likelihood of dra- Two 7T-pes of Programs
including related conversations5 ir ma- i., ev-n-I, aid underf,5timate the Two varieties of software huddle 1
hallwaYs and washron'o-tr, inrj w A ' drarn..ttc. butrmorv together under the DSS umbrella.
bats Vhate% (r hzqppen- in the, p-iw cr-,n rnng" (Or we, may decision-aid packages and decision.
nptr of 'he brair. and! ir the- r", maw ,.-rikvdcins to avoid losses modeling paclages, Decision-aid pro-
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gers and professionals will at least example, have viewed cash flow and cessful projects versus going out on
find slick, easy to use, and probably market share as two key branches. the limb that ended up being sawed

Vfun to play with. It allows you to He could then use Expert Choice to off behind him by better-funded
place any number of variables into draw out the implications of 6taing competition and inev--.ble delays in
a matrix, asign numerical or subjec- on the strong and steady branch he product development. Then the final
tive weights (good, better, best, for currently occupied ith three sue- report would have shown the rela-
example), then derive a rank order tive merits of each leaf (three birds
of those variables based on the in the hand versus one in the bush)
weights you have assigned. When on the tree
the group making a decision is Trighger from Thoughtware Inc.,
forced to rank its priorities, pas- by contrast, is on the boundary be-

the deliberations down a seductive figure out which path to follow and
dead-end street. Lightyear also a- D e ision-ad management aids that help keep youlows you to specify logical relation- on track once you have set a course
ships and then use those logic state- It lets you set upper and lower
ments to analyze your decision bounds on important criteria that

-' ~variables It has attractive graphics packaye hilbcmetigrsasrpo uo"=' " ' 0 v lu t will become triggers-a sort of at-
capabilities, unlike Decision Aide, ratic decision switch-to initiate a
which has none, as well as handy particular action under certain cir-
pull-down menus and a well-designed cumstances. For example, you can
user interface, set up high and low ranges for things
In addition to the standardn - like sales in certain districts or qual-

weighted-factors features. Lightyear ity control limits, If the actual events
allows you to continually add vari- business options fall outside the ranges you can liveabls as outin of, them, byassgnin with, then a specific action gets set
them as you desire, add logic rules, in motion, like a letter to the head

change your mind, and then get a of quality control or a memo to the
graphic representation of your deci- district sales manager. If everything
sions. Like Decision Aide, it can b weight a is working within the acceptable
especially helpful to a managerial Limits you defined, nothing happens,- group struggling %-ith a decision w ih e vau s The Decision Maker from Alamo "

that involves too manv variables to Learning Systems is somewhat simi-
be juggled men'.aliy. A s one user put ar in style but geared more toward

. iit: "It was the synerg" of the group ,binitial decisions. It establishes' process which I .found most useful., oe c a t r criteria that are either considered

SThis synergy was created, in part limits" ("must-pass" tests) or
by being around the computer and "desirables" that are numerically~ha~ing questions answered immedi- But w.ilpe l e ihe adsor.ately and seeing the results of pe
weighting change.s right after they re y Do They Work?
were made. Among all the decision- real ly At what point in the decision-making meetings I have held over making process might any of these
the yea , in the one using Ltghtyear L L Ls decision-aid packages have aided the
the decision was reached most eas- manager whose struggle opened
ily and the meeting was more enjoy- t i use this article? There are two possibil-

- able than any other." ities. If he had, in private, heavily
*Expert Choice from Decision Sup- weighted certain fiactors such as the

* port Software is another of the many consequences of using available
. programs that fit into same corner funds to hire new sales and produc-
- of the broad decision-aid category. tion people for the ongoing projects,

Expert Choice provides a tree struc- then any ofthe decision-aid packages
ture with the overall goal at the top might well have pointed to the deci-
and key criteria that Will determine sion to avoid the new venture as the

4 the final choice branching off from most reasonable course of action.
it. The leaves on these branches rep- If the manager had taken a deci-
resent the actual choices. Based on sion-aid program into the meeting

" a somewhat jargon-laden system with him and used his personal com-
called the analytic hierarchy process, puter as a sort of electronic black-

d Expert Choice has you make paired board-a substitute for standing in
comparisons of the "decision nodes" front of a chalkboard and drawing
at each level, two at a time, using arrows between different options-
either a verbal or numerical ca]eW the process of quantifying the fac-

Our mythical manager might, for -Cwmaeu d u 0 e 4 L?
-.s Ifli) Oe~.iISPlum-C mlmuWW Ii
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SOFTWARE

Coninued fm pqe 61- packages often let managers lay out
tors might have made it harder for business problems in more under.
people to talk themselves into ignor. standable terms than they can with
ing the well-known failure rate of spreadsheets
new ventures and weighing more
heavily the benefits of bolstering an A Case In Point
amazing string of consecutive sue. Let's take a look at a decision-
cesses, modeling program in action to see

what this type of software can do
Decision-Modeling Programs under the right eircumstance

If you %Ant the help of a personal
computer in making such strategic,
direction-setting decisions about
whether to accept a mortgage at J NCE YOU
12% percent or wait to see what hap-
pens to the rates next week, or have decided where
whether your company should enter you want to go,
a new market or develop a new prod-
uct, then you could benefit from a decision-modeling
decision-aid package. If, on the other packaes can hlp
hand, you have already decided
where you want to go and now you you determine the
need help in determining the best
tactics and plans forgetting there- best tactics and
for example, you have decided to in- plans to get there.

utroduce a new product t rae. g.gling with alternative sales and pro.

duction plans or questions about
budget allocations and personnel as- When John Blight took the position
signments-then decision-modeling of chief financial officer and director
software may better suit your needs of manufacturing at United Air Spe.

Spreadsheet users are familiar cialists, a $0-million Cincinnati corn-
with the financial-analysis and fore- pany specializing in pollution-contro!
casting capabilities of spreadsheet equipment, he found a lack of coordi-
software. When it is used that way, nation between :-!es, production,
a spreadsheet is, in a broad sense, a and operation. That's not as dra-
decision support program. Spread. matic as a scenario that portrays
sheets can manipulate numbers and someone in the dead of night using
formulas well enough to accomplish Lightyear to decide whether or not
some of the tasks that decision- to get married or one that depicts a
modeling packages handle. But for corporate executive westling with
many sophisticated modeling and the jobs and fate of thousands of
analysis applications, such as those workers, but it's the kind of situation
requiring goal seeking and simulta. that can eventually drain a business
neous equation solving, spread- of a hindred times as much money-
sheets are in over their heads if the problem is not successfully

The decision-modeling packages resolved-as the cost of a personal
discussed here can handle compli- computer and a DSS package.
cated dependencies and circular ref. The decision facing Blight was
erences mithin chains of formulas how to choose among a variety of
better than spreadsheets can. Some sales and production plans available
decision-modeling packages allow for managing his company's invest-
larger and more complex models to ment in their two major products,
be developed because the. break which were being handled in a some-
things down into more manageable what haphazard and fragmented
parts For example, the data and way. Viewed from a slightly different
relationships may be stored in sep- angle, Blight was lookig for a
&rate files while the main worksheet framework that would enable coor-
is left free for a bird's-eye view of dination and communication -be-
only the results Because of these tween sales and production.
added capabilities, decision-modeling MAC-PAC/IPC from Arthur An-
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derson and Co., a decision-modeling in the face of fluctuating market con-
package designed to help the top ditions and other factors such as cost
management of a manufacturing and availability of eessary com-
company effectively plan company ponenta But it does encourage and
sales and production, had the poten- help people In each department
tial to provide that framework. It maintain consistent and current data
took a substantial investment of to support such deeisions And it
time and energy to input such fac- allows planners to incease the relia-
tors as lead times, resources and bilityof their predictions by analyz-
materials, cost and price informa- ing key data with greater efficiency.
tion, and monthly sales and produc- MAC-PACIPC is qiecifically designed
tion plans for each product into the to help organize the internal infor-
MAC-PAC matrix. Indeed, collecting mation from which sales and produc-
data from the sales and production tion decisions will be made, but it
departments. organizing it, and key- also allows some "what-iF' simula-

. ing it into the appropriate parts of tions of potential outcomes
the MAC-PACJPC program consti-

-* ', tutes the major time investment in Broader Applications
reorienting a company like United Other decision-modeling packages
Air to the use of DSS software have still broader applications-as a
. However, an immediate benefit negotiating tool, for example Senior
was derived from this effort: an ef- executives of a high-technology firm
fective reorganization of the corn- were looking for a way to better
pany's internal information. Some manage financial relationships with
experts argue. in fact, that this is the suppliers of critical components and
biggest potential benefit of DSS pro- subsystems Determining the optimal
grams because getting the right in. trade-off between purchase price
formation-not analyzing it-is the and payment terms was their prime
real thorn in the side of most deci- concern. Inevitable difficulties in (sion makers Once MAC-PAC/PC forecasting market prices and sea-had that information about United sonal fluctuations in demand added

Air, it gave Blight a system he could to the overall planning dilemma.
,. use to help plan the production and The executives and managers in-

sales of his two top-selling products volved in this dilemma were not
For Blight, a major attraction of looldng for a software pan.eea; they

the program, even before it solved were hoping for a tool to clarify the
any specific sales and production complexities of the situation and
problems, wAs that it did provide a identify the critical issueL
useful framework for coordinating IFPS/Permonal from Execucom
the activities of the departments was chosen for several reasons
within his company. Not only did First, it has the ability to break a
MAC-PAC help him transform three problem down into segments rather
loosely related departments into a than treat it as one large model. Sec-
more smoothly functioning single ond, since it's aqnenu-driven pro-
operation, but the program's ability gram with an English.like, nonpro-
to manipulate key sales and produc- cedural language for developing
tion factors also helped maintain a financial models it avoids direct con-
consistently high level of inter- tact with lower-level programming
departmental coordination and plan- languages, And third, it's available
ning over time. Once the program in both personal computer and main-
has been fed basic information about frame versions,
any company's product lines, plan- The mainframe program is called
ners within the company can use the "Interactive Financial Planning
MAC-PAC/PC to estimate the finan. System'--it can be used as both a
cial consequences of different deci. stand-alone modeling and planning
sions they might make in developing system and as an howgaited mie-to-
monthly production and sales plans mainframe decision support satem
for each product line. that unites the accessibility of per-

The software does not make the sona computing with the powsr and
final decision about which plan sophistication of a mainframe. In our
makes most ense for the ompany IFPS/Nrsonal ase study, this com-
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bination of personal computing and Encore from Ferox Microsystems maximize profit potential, and simu-
mainframe computing proved a valu. is another program that would fit late business risk situations The
able asset. The personal computer well with the kind of situation de- opening page of each module explains
version could be used during actual scribed here. Encore can handle the theory behind the program.
negotiations with suppliers, while linear-regression applications, a fea- The Decision Tree Analysis mod-
the mainframe version allowed more ture not available in the current ver- ule helps you determine the effect of
sophisticated goal-seeldng analyses sion of IFPSflNrsonal, but it has its a sequence of decisions leading to
than would have been possible with own brand of programming language one of several potential outcomes of
just a personal computer. (often called a procedural language). a strategic decision by presenting

Using IFPS!Personal. a task force Users must master the rules of this the decision process as a group of
'* of representatives from several dif. language to know in what sequences choices each having a possible -next"

ferent departments built a model commands have to be listed to exe- outcome and those outcomes in turn
that contained 22 variables ranging cute properly. having further possible outcomes.
from unit selling and purchase prices The Confidence Factor from Sim- The Best Alternative, Best Course
to selling-price erosion rate and pur- pie Software Inc. stretches the seams of Action, and Yes/No decision
chase-price decline rate. In the pro- of our two neat categories of DSS modules are all adaptations of the
cess. all of the people involved in- programs a bit. But I think it's KepnerTregoe technique of using
creased their understanding of the worth a close look even though it weighted judgment factors. Risk
negotiating situation they were en. muddies the waters somewhat. The Simulation helps establish the risk
tering and got a better feel for the Confidence Factor is aptly subtitled factor of a decision by the proven

" relationship between the various "The decision maker's toolkit." It in- Monte Carlo Simulation technique
decision-making factors. Once the cludes seven easy-to-use, well- using a probabilistic model at each

* -system was up and running. senior documented programs that can be step along the way. The Linear Pro-
management could refine its nego- used to evaluate business plans or gramming module helps optimize
tiating strategy by simulating the proposals, develop strategic plans, resource allocation, while the Proj-
results of different negotiated plan and schedule projects, explore ect Planning and Scheduling module
agreements in the face of a variety qualitative decision alternatives, op- simplifies the Critical Path Method.
of market condition& timize your company's resources,

The Final Factor: Reality
If all important personal, profes-

Wi. sional, and business decisions were
made at month-long retreats by peo-

* ' pie who were freed of all other re-
sponsibilities while deciding, it
would be easy to recommend regu-
lar use of a DSS program just to see

what it might yield. But that's not
the way of the world. Real people
make real decisions by the handful
under the pressure of time and often
without all the information they
would ideally like to have. Then they

* see how things turn out and make
another decision to try to get a bit
closer to their goal.

That complex, partly irrational,
and time-bound system has some-
how kept things moving along for
several thousand years and will like-

S. ly play a continuing role in the deci-
m,& ion making of managers and profes-

sionals for some time to come A
decision support package, to be use-
ful, must fit into the reality of your
situation, not the other way around.
One that does fit, however, can be
well worth your investment of time,
effort, and money-a most useful ad-
junct to the human brain and gut,
still our two main decision support
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ltandout 2-3

DECISION SUPPORT SYSTEM METHODOLOGY

I. Microcomputer Decision Support Systems

A. A Weapons Contract Example

1. Background Information

This example demonstrates the use of multi-variate

utility analysis within the context of a realistic
example. The example provides basic information on
various measures of merit from six weapons contractors.

2. The Weapons Contract

The Decision Support System in this case is used to
analy=e contractor data. Thus a Weapons Contract Award
Decision Support System Study is undertaken to provide
the decision-maker with sufficient information and
analysis for a rational decision. The study and
analysis is also used to track a series of agreements
on the relatie values of the various criteria and how
each contractor measures up to th- criteria.

II. The Process and Methodology

A. The Decision Process

1. Problem Definition

Defining and stating a problem sets up or initializes
the process of study and analysis for solution.
Several questions may be asked in this stage such as,
"Why not do absolutely nothing?' Doing nothing is a
course of action, however, if the problem is not going
to go away it must be well defined. Generally there
will be compelling reasons which give rise to the need
for a decision. Thus, answering this question
carefully will record those reasons and add to the
credibility of the ensuing analysis.
Several other considerations may add to the quality of
the problem statement. Defining boundaries,
constraints, costs and assumptions can add structure
and better understanding by individuals involved.

2. Statement of Purpose

Finding feasible or possible solutions or courses of
action for a given problem requires insight to all

, aspects of the problem. What is the "real" problem?
What are its causes? Once the problem is well defined ,*"

*and stated, the purpise can be stated.

Feprinted witAi permission from ND1 Course 130, National Defense University, Ft. McNair,

Washington D(.
104
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oDECISION SUPPORT SYSTEM METHODOLOGY

3. Criteria Definition

The first step in defining criteria is to select the
top level criteria--criteria that can be further broken
out into finer elements of discrimination. If there
are only a few criteria they may all be first or top
level.

4. Criteria Assessment

Assessing criteria is an important step. It is here
that many external factors must be considered. What
decision-chain led to this point? What is our
guidance? What relative assessment will hold up to
scrutiny? Which criteria are more important?--How much
more important?

At this point we are not overly concerned with the
present or currently defined alternatives. More may
appear prior to the decision, right? At this stage
getting consensus from the individuals involved with
the decision is vital. Agreements must be reached on
which criteria are more important and by how much.
Additionally, some criteria may be specified as
absolute--it must be there. What this means is that it

will not be assigned a relative value. Must have type
criteria may act as filters. They provide boundaries
or limit the possible entry. Cost, for example could
be broken out in several ways. One criteria might be
stated as a must--Cost Limit. Cost must be under $300
million. Another criteria may then be simply cost but
is assigned a percentage value of importance relative
to other criteria.

5. Alternatives

In this step each alternative, option or course of
action is recorded. Each alternative is described in
detail with all the critical itformation. Even if you
already know that it may not "pass" some must have
filter it may still be a candidate. It could change
later. Or, at the next briefing your must have
criteria may change, etc.

6. Weighting

At this stage of analysis weights are given to each
alternative for each criteria. How well do they stack
up? Which alternative meets which criteria best? By
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DECISION SUPPORT SYSTEM METHODOLOGY

how much do the others meet it or not relative to the
definition of best?

7. Scoring

Cross-multiplying the weights times the criteria values
produces a final score. Any alternative that did not
pass a must have criteria is scored zero. Scores are
normalized to a %100 so that the top contender achives
%100. All others will have some other percentage which
will suggest further analysis.

8. Analysis

Who was Murphy anyway? Is he often right? What can
you do about it? This section provides the subjective
heart of your study. What justifies your criteria
values?--your weights?--your scores? What can go
wrong? What are the potential probtems and their
seriousness? If the recommended decision is made how
do we prevent potential disasters? What pitfalls may
lie ahead?

What about subtle changes to the criteria assessment
and/or the weights? Sensitivity analysis must be
included in order to examine several "What if...?* type
statements. What if some alternative changes
specification--some improvement or quality/reliability

test failure?

9. Conclusions

No suprises here! No new information! By the time
your reader gets to this point it must be almost
unneccessary to read further. The conclusions and

4recommended action must flow directly and logically
from the analysis. Absolute clarity with no hedging is
critical at this point. The decision is being called
for.

B. Contractor Data Content

1. Development Costs

42. Productions Costs

3. Operation and Maintenance Costs
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DECISION SUPPORT SYSTEM METHODOLOGY

4. Full Operational Capability Date

5. Life Cycle

6. Availability Measures

7. Reliability Measures

8. Accuracy

9. Surge Potential

C. Calculation of Criteria Values

I. Raw Numbers

*2. Base One Hundred

3. Criteria Graphical Analysis

D. Calculation of Weights

1. Weight Factors

2. Linear Weight Assessment

E. Final Scoring

* 1. Raw Scores

2. Normalized Scores

III. Analysis and Conclusions
g

A. Graphical Analysis

B. Conclusions
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, THE DECISION PROCESS

1. Define the Problem
* 2. State the Purpose

3. Define Criteria
4. Assess Criteria

9 5. Define Alternatives
6. Weight Alternatives
7. Final Scoring

/ 8. Analysis
9. Conclusions--
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CONTRACTOR DATA

1. Development Costs
2. Production Costs
3. Operation I Maintenance
4. Full Operation Capability

Date
5. Life Cycle
6. Availability Measures
7. Reliability Measures
8. Accuracy
9. Surge Potential

CRITERIA VALUE %
-1 i-[-..---- ----

Develop $ 40 5.67
Product $ 60 8.51
O&M $ 100 14.18

FOC 35 4.96
• Years 30 4.26

Avail 1 70 9.93
Avail 2 90 12.77
Rell 80 11.35
Rel 2 100 14.18
Accuracy 75 10.64
Surge 25 3.55 "

TOTALS 705 100%
110



CRITERIA WEIGHTS
M

NORM

16

.. If

DE VE L 9. !Oams rOC YEARS AVI Avz MELl I EL2ACCSUIRGE

PROUCTON

CRITERIA

COTATR EGTN

CONTPRADCTOS WEIGHT

------------------------------------ ---------------- -- ----

A I50 7.50
B 125 8.75
C 105 0:5
o 165 6.75
E 130 8.50
F 145 7.75

$Sin Millions 1

Weightin~g Scale: 0 to 10



Linear Weight Assessment

10
9 /00y:10-.05(x-100)
86
7
6
5
4
3
2

0/100 200 300

FINAL SCORING

Contractor Score equals:
Sum(Criteria% X Weight)

Normalize to 100% by
dividing each Score by the
Maximum Contractor Score

The "Best" Contractor
Normalized Score

Equals
100%
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SCORING GRAPH
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Handout 5-1

PROBLEM A SCENARIO

You have decided to buy an air conditioner to cool your fam-
Ily room (500 square feet). You have three concerns about this
purchase, first, what capacity the air conditioner must be, next,
how efficient will it be to keep the energy cost down, and fi-

nally, how much can you afford to pay?

You have determined your cooling need from a US Dept of En-

ergy handout. This handout recommends an air conditioner of
12,000 Btuh to properly cool your 500 square foot family room.

Also, this same handout said the energy efficiency range
(EER) for 12,000 Btuh air conditioners were from 5.0 to 10.0. The
models with the highest efficient energy rating number use less
energy and cost less to operate.

Based on your budget, you have decided not to spend more than
$500 for this air conditioner.

On your visit to several local air conditioner dealers, you
obtained the following information:

Specifications Table

Model A Model B Model C Model D Model E Model F

Btuh 13,800 14,000 12,800 11,000 11,500 12,000
ERR 6.3 9.9 8.8 9.0 8.7 8.0
Price $389.99 $509.00 $439.99 $469.00 $469.00 $499.99

Now, using SMART, the weighted criteria model, and instructor
assistance, make your decision in buying one of the above air con-
ditioners.

is
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Handout 6-2

PROBLEM A SOLUTION

PROBLEM

You have decided to buy an air conditioner to cool your fam-
ily room (500 square feet). You have three concerns about this
purchase, first, what capacity the air conditioner must be, next,
how efficient will it be to keep the energy cost down, and fi-
nally, how much can you afford to pay?

You have determined your cooling need from a US Dept of En-
ergy handout. This handout recommends an air conditioner of
12,000 Btuh to properly cool your 500 square foot family room.

Also, this same handout indicates that the energy efficiency
ranges (EER) for 12,000 Btuh air conditioners are from 5.0 to
10.0. The models with the highest efficient energy rating number
use less energy and cost less to operate.

Based on your budget, you have decided not to spend more than
$500 for this air conditioner.

On your visit to several local air conditioner dealers, you
obtained the following information:

SPECIFICATIONS TABLE

Model A B C D E F

Btuh 13,800 14,000 12,800 11,000 11,500 12,000
ERR 6.3 9.9 8.8 9.0 8.7 8.0
Price $389.99 $509.00 $439.99 $469.00 $469.00 $499.99

SOLUTION

ANow, let us lay out the solution. The first decisions are in
the area of criteria establishment and value assignments. We have
already established the criteria by virtue of our data collection.
We might consider other factors such as ease of installation,
brand name experience, and reliability, but the three criteria
shown in the SPECIFICATIONS TABLE above and repeated in the VALUES
TABLE below are the ones selected.

As to weighting, we need to prioritize and assign relative
values to those criteria. Then based on those assigned values, a
percentage calculation is developed for later use in scoring our
solution. In this example, we have determined that price is our
most important factor, followed by Btuh and ERR. Remember that in
a sensitivity analysis, changing these priorities and/or assigned
values has a direct effect in overall scoring.
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VALUE TABLE

Criteria Value % Cum %

Btuh 25 25.00% 25.00%
ERR o% 0. 55.00%
Frice 45 45.00% 100.00%

Total 10 0

Another way of looking at this data is with a pie chart pro-
jection to show the relative parts of our decision.

PIE CHART VALUES

36..WA

BERR

WDPwice

45. WA

LINEAR GRAPH

Thu r ext part of the solution is fit each of the air condi-
t -.cner" . ,,teni to: a Jinear graph. Each criteria has its --. n
qrtzlph. tsimpti ts are to make all graphs with a Y-axis from 0

,_rzt.' to t' . (bc.-t. .nd an X-axis depicting best and worst ValuEr'
tro Lert to riqht. For Btuh, we decided that 11 K is the worst

• ::::,,c(. .:rid I , C is th: best possible value for Btuh. In graph 3 q
-i. .h wce:, ge t . thi I. inear graph and equation . Ai ]. sir iL..h Sa].ue.

f 1- !hi ,r:.,ph. f or- ,";.mpl[., entering w.ith 14, 0 BtL'th t :.r Model1
va]lue of /.5 () or the Y--At:is. ihis data for the ii1
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LINEAR GRAPH - BTUH'S
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SCORING MATRIX

ThE; n,.xt step is to set up a scoring matri;, to show All of
the i-.ir- cond'. L:i oner attributes and their scores. f I. the scores
,,:arf.:: f igured by using the linear function. This allos each cri-
teria for each system to be arrayed on the 0-.10 scale (Y--Ais) and
reflects the .above linear graphs in tabular form.
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FINAL SCORING
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SENSITIVITY ANALYSIS

Since our scores are fairly close on models A, B, and C, we
should re-examine our decision by sensitivity analysis. Suppose
we decided that our budget could really stand for a price of
$550.00. What happens to our SCORING TABLE then?

NEW SCORING TABLE

Criteria A B C D E F

Btuh 1.75 1.88 1.13 0.00 0.31 0.63
ERR 0.78 2.94 2.28 2.40 2.22 1.80
Price 3.60 0.92 2.48 1.82 1.82 1.13

Totals 6.13 5.74 5.88 4.22 4.36 3.55

TotaiwlO 61.30 57.38 58.80 42.23 43.55 35.50

This shows that price Is a large factor in our decision.
This largely relates to the relatively wide range in the price
factor ($350 - $550 in this second example and $350 - $500 in the
original example). We still have not differentiated a choice,
and, in fact, have made the three systems even closer together.

Another aspect to consider is changing values. We now decide
that long-term energy costs are more important than price. This
makes sense because the system costs are very close to one another
and we are likely to keep this air conditioner for a long time
(several years). By reshuffling the values to 25, 45, and 30 for
Btuh, ERR, and price, respectively, we can get the following SCOR-
ING TABLE. Price still reflects the original $500.00 as a worst
case.

NEW SCORING TABLE

Criteria A B C D E F

Btuh 1.75 1.88 1.13 0.00 0.31 0.63
ERR 1.17 4.41 3.42 3.60 3.33 2.70
Price 2.20 -0.18 1.20 0.62 0.62 0.00

Totals 5.12 6.11 5.75 4.22 4.26 3.33
Total*tO 51.20 61.05 57.45 42.20 42.63 33.25

Sensitivity analysis allows us to see how sensitive weights
and values are by showing "what if?" scenarios. By virtue of this

capability, we can see the orginal choices may be inappropriate to
a given situation. In any case, we have to make a decision.

12
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FINAL SOLUTION after SENSITIVITY ANALYSIS

It we consider price to be our major factor then we would

probably pick Model A per the original SCORING TABLE. If ERR is
the prime factor in our decision, we would probably select Model B
per the last NEW SCORING TABLE. If we like a blend of price and
ERR, Mooel C is a good choice. In any case, the ultimate decision
is up to you. The computer model has allowed you to "game" it and

, examine our decision through "what if?" reiterations. Many times
a clear-cut decision will not pop out, but the choices can be nar-

rh rowed as this example has shown. Remember, a DSS is to assist you
in a decision, not to make it for you.

INSTRUCTOR NOTE

This solution follows the general format used in the format

used in the "Micro Decision Support Systems" course taught at the
National Defense University, Ft McNair, Washington D.C.
(5:121-131)

'121
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Handout 6-I

PROBLEM B SCENARIO

You are the project officer for a computer buy for the 357th
Fighter Weapons Wing. You have been allocated $20.000 to purchase
computer systems for squadron-level use. The systems will all be
used in a stand-alone configuration for various administrative and
operational purposes.

After exhaustive personal research, you have reached some
preliminary conclusions. You need at least six (6) systems, and
that a minimum price is $500 per system. Also. since the Air
Force is heavily into IBM-compatible systems, you believe this is
probably the way to go. However, you have not ruled out other
systems.

You are also concerned about such factors as memory, reli-
ability, speed, type of microprocessor, and other factors.

All systems come with printers, monitors, and system soft-
ware. so you are not going to consider those factors. Other
features are as noted in the table below. Now to clarify some
criteria. For speed, 8 MHz is approximately twice as fast as 4.7
MHz. System D is the only one with a third generation chip, the
80286. and. in your view. it is at least twice as valuable as any
second generation chip. Reliability from your research is given
on a scale trom I to 10 with 10 being the best. The following
table gives the characteristics of the various systems:

SPECIFICATIONS TABLE

System System System System System System
Criteria A B C D E F

Compatability IBM IBM Apple IBM IBM IBM
Microchip 8088 8086 6502 80286 8088 8086
Speed 4.7 MHz 8 MHz 4.7 MHz 8 MHz 6 MHz 8 MHz
RAM Memory 256K 640K 128K 640K 512K 640K
Floppy Disk 1-360K 2-360K 1-143K 1-360K 2-360K 1-360K
Hard Disk No No No 1-20mb 1-20mb 1-20mb
Reliability 8 8 9 8 9 7
Frice $999 $1149 $500 $1850 $1699 $1249
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Additional guidance tollows giving you the best and worst

values available to you in microcomputer systems.

Criteria Best Worst

RAM Memory 720K 128K
Floppy Disk 720K 143K

Hard Disk 20M OH
Speed 12MHz 4.7Mhz

Using the weighted criteria decision model, the SMART system,

and the given data. decide which system to purchase. Your deci-
sion is to be included in an Integrated final report similar to
the one given to you for Problem A. Follow the guidance and clues
given above.

i

4
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Handout 8-1

PROBLEM B SOLUTION

PROBLEM

You are the project officer for a computer buy for the 357th
Fighter Weapons Wing. You have been allocated $20,000 to purchase
computer systems for squadron-level use. The systems will all be
used in a stand-alone configuration for various administrative and
operational purposes.

After exhaustive personal research, you have reached some
preliminary conclusions. You need at least six (6) systems, and
that a minimum price is $500 per system. Also, since the Air
Force is heavily into IBM-compatible systems, you believe this is
probably the way to go. However, you have not ruled out other
systems.

You are also concerned about such factors as memory, reli-
ability, speed, type of microprocessor, and other factors.

All systems come with printers, monitors, and system soft-
ware, so you are not going to consider those factors. Other

features are as noted in the table below. Now to clarify some
criteria. For speed, 8 MHz is approximately twice as fast as 4.7
MHz. System D is the only one with a third generation chip, the
80286, and, in your view, it Is at least twice as valuable as any

second generation chip. Reliability from your research is given
on a scale from 1 to 10 with 10 being the best. The following
table gives the characteristics of the various systems:

SPECIFICATIONS TABLE
System System System System System System

Criteria A B C D E F

Compatability IBM IBM Apple IBM IBM IBM
* Microchip 8088 8086 6502 80286 8088 8086

Speed 4.7 MHz 8 MHz 4.7 MHz 8 MHz 6 MHz 8 MHz
RAM Memory 256K 640K 128K 640K 512K 640K
Floppy Disk 1-360K 2-360K 1-143K 1-360K 2-360K 1-360K
Hard Disk No No No 1-20mb 1-20mb 1-20mb
Reliability 8 8 9 8 9 7
Price $999 $1149 $500 $1850 $1699 $1249
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SOLUTION

The first decisions are in the area of criteria establishment

and value assignments. The criteria selected are in the above
SPECIFICATIONS TABLE. As to weighting, we need to prioritize and

assign relative values to those criteria. Then based on those as-
signed values, a percentage calculation is developed for later use
in scoring our solution. In this example, we have determined that
price is our most important factor (VALUE TABLE below). Your so-

lution may be different based on your analysis.

VALUE TABLE

Criteria Value Pct Cum Pct

Price 250 27.62% 27.62%
Compatability 200 22.10% 49.72%
Microprocessor 130 14.36% 64.09%
Reliability 90 9.94% 74.03%
Floppy Disk 80 8.84% 82.87%

Speed 60 6.63% 89.50%
RAM Memory 50 5.52% 95.03%
Hard Disk 45 4.97% 100.00%

TOTAL 905

Another way of looking at this data is with a pie chart pro-
jection to show the relative parts of our decision.

12
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PIE CHART VALUE

.1~c

4.7 THi N Disk

.67Speea

Flomp~ Disk

LINEAR GRAPH

I he nexI<t part of the solution is to fit each of the ct -
te-i: t it ' own linear graph. Assumptions are t~o mlake all

grahswi. th a Y-ax is from 0 (worst) to lo (best) and an
X->~isdep-icting best and worst values from left to right.

[-or- speed,* wu decided that 4.7,, is the worst value and 12 is
t .e-t'~ pos - ble value (as given, in the scenario) . All si

sped atuLes.- fit this graph. For example. enitering with a
* spedof SMZ. yields a Value of 6.67 on the Y-ax i=. This

fai:a fr the -full spectrum of criteria and systems i5 shown
in tho WEIGHT TABLE on the next page.
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LINEAR GRAPH - SPEED
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RANGE TABLE

S ,, k- Best Wor-st

h'i I ,.: or 500 3r-r'- ,

1 Cl 0 t 0 C, E F ~ : Or ' :i. O b i t r ar,, "

F-- c,::r.l:, (.1 .1. "- o: > RAM 2 I.4 1
K of FffI, *-r~e 121-3HI...,,u 12...

I1 -_1 P't,": M of F':AOM .Q

SCORING MATRIX

, :.>.-, . ; .p s +. ,t u a scor inq matri to :t-w 1.1
::,I h :. ,-p .r svst.em crj ter 1a and their scores. rI I t he

1 .,: ir- .. Ly ':,i nq the linear funtio rl. ih I s= ; aI -
I . I r I I.'-t 1,3 Crr ea(.:h system to be ar-rayed on the t)- 1%)

.r L. f I.C . t h o abco-.'F, l in e'. - graIh'=, i I at - 1 pnr
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WEIGHT TABLE (y = ax + b)

System System System System System System

Criteria A B C D E F

Price 8.24 7.71 10.00 5.23 5.77 7.36
Compatability 10.00 10.00 0.00 10.00 10.00 10.00
Microprocessor 5.00 5.00 5.00 10.00 5.00 5.00

Reliabilit 8.00 8.00 9.00 8.00 9.00 7.00

Floppy Disk 3.76 10.00 0.00 3.76 10.00 3.76
Speed 0.00 0.00 0.00 4.52 1.78 4.52

RAM Memory 2.50 10.00 0.00 10.00 10.00 10.00

Hard Disk 0.00 0.00 0.00 10.00 10.00 10.00

FINAL SCORING

The final scores are shown in the following chart. The
scores are normalized to 100 % and represent the product of

VALUE times WEIGHT.

SCORING TABLE (VALUES times WEIGHTS)

System System System System System System

Criteria A B C D E F

Price 2.28 2.13 2.76 1.45 1.59 2.03

Compatabillity 2.21 2.21 0.00 2.21 2.21 2.21

Microprocessor 0.72 0.72 0.72 1.44 0.72 0.72

Reliability 0.80 0.80 0.90 0.80 0.90 0.70

Floppy Disk 0.33 0.88 0.00 0.33 0.88 0.33

Speed 0.00 0.00 0.00 0.30 0.12 0.30

RAM Memory 0.14 0.55 0.00 0.55 0.55 0.55

Hard Disk 0.00 0.00 0.00 0.50 0.50 0.50

TOTALS 6.47 7.29 4.38 7.57 7.47 7.34

V TOTALS X 10 64.70 72.90 43.76 75.70 74.68 73.38
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hefnllowinq graph depicts the combined scores from the
SCORING TABLE.

8

3'6-

%i

A B C I E F
Compter Sgs teNs

.c-r.:rres show that System D is rated the hir 'ihest but
2 z~cemc . Eand areclose. Youir Solution Could stop hr

I Av/c:c r~Ii.n, of these four systems, however, some sensi-
11 i t i ::f.n.1, ss is in order.

SENSITIVITY ANALYSIS

,' incc I.he s(cores _re s.o close on the four system..,,s "E' D
F. c knd F. , 4we will r e-e>.!ami~ne our decision. It appears that

RANGE TABLE i .i ok --v, < c) the:- p lcce to look. is in the VAL-
*UES TABLE 4n d rowhat happencs if we shift some of them.

:;.Ipi:~wie dei that a Hard Dis;.k is an important facet of
:i;vi*(.-.c1. LWh~nci)i up the VALUE Of this criteria from 45 to

I**tim:: lro Lor-inq SCORING TABLE reGUlt.M. Now System 8 drops
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NEW SCORING TABLE

System System System System System System
Criteria A B C D E F

Price 2.04 1.91 2.48 1.30 1.43 1.82
Compatability 1.98 1.98 0.00 1.98 1.98 1.98
Microprocessor 0.64 0.64 0.64 1.29 0.64 0.64
Reliability 0.71 0.71 0.80 0.71 0.80 0.62
Floppy Disk 0.30 0.79 0.00 0.30 0.79 0.30
Speed 0.00 0.00 0.00 0.27 0.11 0.27
RAM Memory 0.12 0.50 0.00 0.50 0.50 0.50
Hard Disk 0.00 0.00 0.00 1.49 1.49 1.49

TOTALS 5.80 6.53 3.92 7.82 7.73 7.61
TOTALS X 10 57.98 65.32 39.21 78.23 77.31 76.15

Another aspect to consider might be the Microchip. Is it
more important to us to have the third generation chip? We have
assigned a 2:1 factor in the RANGE TABLE already, but if we up the
Microchip value from 130 to 200, we get the following SCORING
TABLE.

NEW SCORING TABLE

System System System System System System
Criteria A B C D E F

Price 1.91 1.78 2.31 1.21 1.34 1.70
Compatab=lity 1.85 1.85 0.00 1.85 1.85 1.85
Microprocessor 0.93 0.93 0.93 1.85 0.93 0.93
Reliability 0.67 0.67 0.75 0.67 0.75 0.58
Floppy Disk 0.28 0.74 0.00 0.28 0.74 0.28
Speed 0.00 0.00 0.00 0.25 0.10 0.25
RAM Memory 0.12 0.46 0.00 0.46 0.46 0.46
Hard Disk 0.00 0.00 0.00 1.39 1.39 1.39
TOTALS 5.75 6.43 3.99 7.96 7.55 7.45
TOTALS X 10 57.46 64.33 39.91 79.64 75.54 74.45

We now could be fairly sure in selecting System D. By doing
sensitivity analysis, we have been able to "what if?" our
situation and second-guess the decision before committing our-
selves or our money. One final thought. Your decision may not be
the same as this one, but as long as you can live with your VALUES
and resultant SCORING, it's probably okay. You also might con-
sider new data that comes in prior to disbursing your funds.
Would your decision change if your budget was now only $15,000, or
your commander decided he needs at least eight systems? All you
have to do is re-enter your spreadsheet, input the new numbers,
and recalculate the SCORING TABLE.
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INSTRUCTOR NOTE

This solution follows the general format used in the "Micro
Decision Support Systems" course taught at the National Defense
University, Ft McNair, Washington, D.C. (5:121-130)
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